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CHARACTERISATION OF GENE FUNCTION 
USING DOUBLE STRANDED RNA INHIBITION 

The present invention is concerned with 
5 characterization or identification of gene function 
using double stranded RNA inhibition (dsRNAi) and 
methods of identifying DNA responsible for inducing a 
specific phenotype in a cell and a method of assigning 
function to known gene sequences. 
10 it has recently been described in Nature Vol 3 91, 

pp. 806-811, February 98, that introducing double 
stranded RNA into a cell results in potent and 
specific interference with expression of endogenous 
genes in the ceil and which interference is 
15 substantially more effective than providing either RNA 
strand individually as proposed in antisense 
technology. This specific reduction of the activity 
of the gene was also found to occur in the nematode 
worm Caenorhabditis elegans (C. elegans) when the RNA 
2 0 was introduced into the genome or body cavity of the 
worm. 

The present inventors have utilized this 
technique and applied it further to devise novel and 
inventive methods of assigning functions to genes or 

2 5 DNA fragments, which have been sequenced in various 
projects, such as, for example, the human genome 
project and which have yet to be accorded a particular 
function and for use in identifying DNA responsible 
for conferring a particular phenotype. 

30 Therefore, according to a first aspect of the 

present invention there is provided a method of 
identifying DNA responsible for conferring a phenotype 
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promoting transcription of said cDNA or DNA to double 
stranded (ds) RNA upon binding of an appropriate 
transcription factor to said promoter(s), b) 
introducing said library into one or more of said 
5 cells comprising said transcription factor, and c) 

identifying and isolating a desired phenotype of said 
cell comprising said library and identifying the DNA 
or cDNA fragment from said library responsible for 
conferring said phenotype. 
10 In a preferred embodiment of the invention the 

library may be organised into hierarchical pools as 
described in more detail in the examples provided, 
prior to step b) such as to include, for example, gene 
families . 

15 According to a further aspect of the invention 

there is also provided a method of assigning function 
to a known DNA sequence which method comprises 
a) identifying a homologue(s) of said DNA in a cell, b) 
isolating the relevant DNA homoiogue(s) or a fragment 

20 thereof from said cell, c) cloning said homologue or 

fragment into an appropriate vector in an orientation 
relative to a promoter (s) capable of promoting 
transcription of dsRNA upon binding of an appropriate 
transcription factor to said promoters, d) introducing 

25 said vector into said cell from step a) comprising 
said transcription factor, and e) identifying the 
phenotype of said cell compared to wild type. 

In each aspect of the invention, the nucleotide 
or DNA sequence may either be provided in a sense and 

30 an antisense orientation relative to a single promoter 

which has the properties defined above, or 
alternatively it may be provided between two identical 
promoters. In both embodiments dsRNA is provided from 
the transcription initiated from; the promoter 

35 following binding of its appropriate transcription 
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10 


15 


20 


25 


factor . 

The cell according to the invention nay be 
derived from or contained in an organism. Where the 
cell is contained within an organism, the organism may 
be adapted to express the appropriate transcription 
factor. The organism may be any of a plant, animal, 
fungus or yeast but preferably may be the nematode 
worm C. elegans, which may be any of a wild type, a 
nuc-1 or pha-ts mutant of C. elegans or a combination 
of said mutations. In an alternative embodiment the 
DNA or cDNA library or the DNA homologue or fragment 
thereof may, advantageously, be transfected or 
transformed into a microorganism, such as a bacterial 
or yeast cell, which may be fed to the organism, which 
is preferably the nematode worm C. elegans. In this 
embodiment of the invention the microorganism may be 
adapted to express the appropriate transcription 
factor. Preferably, the microorganism is E . coli . 

In each aspect of the invention, the DNA library, 
DNA homologue or DNA fragment may be constructed in a 
suitable DNA vector which comprises a sequence of 
nucleotides which encode said transcription factor. 
Alternatively, said transcription factor is encoded by 
a further vector. In an even further alternative, the 
cell or organism may express or be adapted to express 
said transcription factor. Preferably, any of the 
vectors used in the method according to the invention 
comprises a selectable marker which may be, for 
example, a nucleotide sequence encoding sup-35 or a 
fragment thereof. The nucleotide sequence may be 
orientated relative to a promoter such that binding of 
a transcription factor tc the promoter initiates 
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production in C. elegans. Thus in one embodiment the 
DNA is located between two promoters on a vector 
capable of expressing dsRNA upon binding of an 
appropriate transcription factor to said promoters. 
5 Alternatively, the vector comprises two copies of the 
DNA sequence organised in a sense and antisense 
orientation relative to the promoter and which marker 
is selectable when contained in a pha-1 mutant C. 
elegans. Preferably, the promoters are any of T7 , T3 

10 or SP6 promoters and the transcription factor 
comprises the appropriate polymerase. 

Preferably, the selectable marker comprises a 
nucleotide sequence capable of inhibiting or 
preventing expression of a gene in said cell and which 

15 gene is responsible for conferring a known phenotype . 
This nucleotide sequence may be part of or identical 
to said gene conferring said phenotype, and which 
nucleotide sequence is itself oriented relative to a 
suitable promoter (s) capable of initiating 

2 0 transcription of double stranded RNA upon binding of 
an appropriate transcription factor to said 
promoter (s) . Alternatively, the nucleotide sequence 
may be a part of or identical to said gene sequence 
conferring said phenotype, and which nucleotide 

25 sequence is such as to permit integration of said 

suitable or further vector by homologous recombination 
in the genome of said cell and following said 
integration said nucleotide sequence is capable of 
inhibiting expression of said gene sequence conferring 

30 said phenotype. In this embodiment said nucleotide 
sequence comprises stop codons sufficient to prevent 
translation of said nucleotide sequence following its 
integration into said genome. 

Compounds can, advantageously, in said method be 

35 added to said cell or organism for the purposes cf 
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screening for desired phenotypes, such as for example, 
resistance or sensitivity to the compound when 
compared to wild type. The promoters are preferably 
inducible. The transcription factor may in some 
embodiments be phage derived, such as for example, a 
T7 polymerase driven by a phage promoter. However, 
when C. elegans is utilised a worm specific or tissue 
specific promoter can be used, such as for example, 
let858, SERCA, UL6 , myo-2 or myo-3. Preferably, the E . 
coil strain is an RNAasel I I and even more preferably 
an Rnase negative strain. 

A further aspect of the present invention 
provides a method of generating a transgenic non-human 
organism comprising an exogenous transcription factor 
15 and a transgene comprising a promoter operably linked 
to DNA fragment which is expressed upon binding of 
said transcription factor thereto, the method 
comprising a) providing a first transgenic organism 
comprising a first construct incorporating DNA 
2 0 encoding an exogenous transcription factor and a 
second transgenic organism comprising a second 
construct including at least one promoter operably 
linked to a desired DNA sequence which is expressed 
upon binding of the transcription factor of said first 
25 transgenic organism thereto b) crossing said first and 
second transgenic organisms and selecting offspring 
expressing said desired DNA sequence. In one 
embodiment said first and second transgenic organisms 
are generated by transforming said first and second 
30 constructs into respective microorganisms for 
subsequent feeding to the respective organism. 
Preferably, said second construct comprises said 
noqi rgQ Tj y ZP se cue nee in an orientation relative 


WO 00/01846 


- 6 - 


PC77EP99/04718 


said transcription factor thereto. In this embodiment 
said second construct comprises two promoters flanking 
said desired DNA sequence which promoters can initiate 
transcription of said DNA sequence to dsRNA upon 
5 binding of said transcription factor to said 

promoters. Alternatively, said DNA sequence is 
provided in a sense and an antisense orientation 
relative to said promoter so as to produce dsRNA upon 
binding of the transcription factor to the promoters.. 

10 In each of these embodiments the first and/or second 
constructs may preferably be provided with a reporter 
gene operably linked to a promoter which is capable of 
initiating transcription of said reporter upon binding 
of said transcription factor thereto. Preferably, the 

15 reporter gene encodes any of Lucif erase, Green 

Fluorescent protein, (3 galactosidase or 3-lactamase. 

The present invention also includes a method of 
validating clones identified in yeast two hybrid 
vector experiments which experiments are well known to 

20 those skilled in the art and which experiments were 
first proposed by Chien et al . (1991) to detect 
protein - protein interactions. The method according 
to the invention comprises providing a construct 
including the DNA encoding a protein identified in a 

2 5 two hybrid vector experiment, which construct is such 
that said DNA is provided in an orientation relative 
to one or more promoters capable of promoting 
transcription of said DNA to double stranded RNA upon 
binding of an appropriate transcription factor to said 

30 promoters, transforming a cell, such as a bacterial 
cell or alternatively transforming an organism 
comprising said transcription factor with said 
constructs and identifying a phenotypic change in said 
cell or organism, which may be C . elegans or the like, 

35 compared to wild type. Preferably, the transcription 
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factor is inducible in the cell or organise. Once 
again the DNA sequence may be located between two 
promoters or in both a sense and antisense orientation 
relative to a single promoter, as described above. 
Preferably, the promoter is a phage polymerase 
promoter and said transcription factor is a RNA 
polymerase, and preferably T7 polymerases. Also 
encompassed with the scope of the present invention 
are vectors used to transform said cells or organisms 
and the cells or organisms themselves. 

in a further aspect of the present invention' 
there is- provided a method of alleviating pest " 
infestation of plants, which method comprises a) 
identifying a DNA sequence from said pest which is' 
15 critical either for its survival , growth, 

proliferation or reproduction, b) cloning said 
sequence from step a) or a fragment thereof in a 
suitable vector relative to one or more promoters 
capable of transcribing said sequence to RNA or dsRNA 
2C upon binding of an appropriate transcription factor to 
said promoters, and c) introducing said vector into 
the plant 1 . 

Thus, advantageously, the method according to the 
invention provides a particularly selective mechanism ' 

25 for alleviating pest infestation, and in some cases 
parasitic infestation of plants, such that when the 
pest feeds on the plant it will digest the expressed 
dsRNA in the plant thus inhibiting the expression of 
the DNA within the pest which is critical for its 

3 0 growth, survival, proliferation or reproduction. In a 
preferred embodiment, the pest may be any cf 
Tylenchulus ssp. Radopholus ssp., Rhadinaphelenchus 
S3rD . Heterodera ssp., Rozylenchuius ssp., 
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Ditylenchus ssp., Aphelenchoides ssp., Hirschmenniella 
ssp., Anguina ssp., Hoplolaimus ssp., Heliotylenchus 
ssp., Criconemellassp. , Xiphinemassp . , Longidorus 
ssp., Trichodorus ssp., Paratrichodorus ssp., 
Aphelenchs ssp. The DNA sequence or fragment thereof 
according to this aspect of the invention may be 
cloned between two tissue specific promoters, such as 
two root specific promoters. 

A further aspect of the invention concerns the 
vector used in each of the methods of the invention 
for constructing said library, which vector comprises 
two identical promoters oriented such that they are 
capable of initiating transcription of DNA sequence 
located between said promoters to dsRNA upon binding 
15 of an appropriate transcription factor to said 

promoters. The DNA sequence may, for example, include 
a multiple cloning site. Preferably, the expression 
vector comprises a nucleotide sequence encoding a 
selectable marker. In one embodiment the nucleotide 
sequence encoding said selectable marker is located 
between two identical promoters oriented such that 
they are capable of initiating transcription of DNA 
located between said promoters to double stranded RNA 
upon binding of an appropriate transcription factor to 
25 said promoters. Preferably, the selectable marker 

comprises a nucleotide sequence encoding sup-35, for 
introduction into C. elegans having a pha-1 mutation. 

Preferably, the transcription factor comprises 
either a phage polymerase which binds to its 
corresponding promoter or a C. elegans specific 
promoter and even more preferably T7 polymerase. 
Preferably, the vector includes a multiple cloning 
site between said identical promoters. 

In a further aspect of the invention there is 
Drovided an expression vector for expressing an 


20 


30 
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appropriate transcription factor for use in a method 
according to the invention which vector comprises a 
sequence of nucleotides encoding said transcription 
factor operably linked to suitable expression control 
5 sequences. Preferably, the expression control 

sequences include promoters which are inducible, 
constitutive, general or tissue specific promoters, or 
combinations thereof. Preferably, the transcription 
factor comprises a phage polymerase, and preferably 
10 T7, T3 or SP6 , RNA polymerase. 

A further aspect of the invention provides a 
selection system for identifying transformation of a 
cell or organism with a vector according to the 
invention which system comprises a vector according to 
the invention wherein said selectable marker comprises 
a nucleotide sequence capable of inhibiting or 
preventing expression of a gene in said cell or 
organism which gene is responsible for conferring a 
known phenotype. Preferably said nucleotide sequence 
corresponds to a part of or is identical to said gene 
conferring said known phenotype, and which nucleotide 
sequence is itself located between two identical 
promoters capable of initiating transcription of 
double stranded RNA upon binding of an appropriate 
25 transcription factor thereto. Alternatively, the 

nucleotide sequence comprises a nucleotide sequence 
which is a part of or identical to said gene sequence 
which confers a known phenotype on said cell or 
organism, and which is such that following integration 
3 0 of said vector by homologous recombination in the 
chromosome cf said ceil or organism said sequence 
inhibits expression cf said gene sequence conferring 


20 
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to prevent translation of the nucleotide sequence 
following integration into said chromosome. 
Preferably, the known gene sequence comprises a sup-35 
gene or a fragment thereof which is selectable by 
5 identifying offspring growing at a temperature above 
25°C following introduction in a pha-1 etl23ts mutant 

C. elegans worm. 

In a further aspect of the invention provides 
said known gene sequence comprises a sup-3 5 gene or a 

10 fragment thereof which is selectable by identifying 
offspring growing at a temperature above 25°C 
following introduction of said vector in a pha-1 
et!23ts mutant C. elegans worm. An even further 
aspect comprises a method of assigning function to a 

15 DNA sequence of a multicellular organism which method 
comprises a) providing i) a construct comprising said 
DNA fragment cloned between two promoters capable of 
promoting transcription in said multicellular 
organism, in a multicellular organism capable of 

20 initiating transcription from said promoter; b) 
identifying the phenotype of said multicellular 
organism compared to wild type. 

The present invention may be more clearly 
understood by the following examples which are purely 

25 exemplary with reference to the accompanying figures, 
wherein : 

Figure 1 is a nucleotide sequence of plasmid PGN1 in 
accordance with the present invention. 


30 


Figure 2 is a nucleotide sequence of plasmid PGN100 
in accordance with the present invention. 

Figure 3 is a schematic representation of the vectors 
used and the transformation regime used in 
the methods according cc the present: 
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invent ion . 

Figure 4 is an illustration of an expression vector 
used in accordance with the invention. 

Figure 5 is a schematic illustration of the T7 rna 
polymerase expression vectors used for 
transforming C. elegans . 

Figure 6 is an illustration of plasmid PGN1 . 

Figure 7 is a diagrammatic representation of an 
enhanced vector for dsRNA inhibition 
encoding sup- 3 5 dsRNA. 

Figure 8 is an illustration of a vector for 

integration into the genome of C. elegans. 

figure 9 is an illustration of the position of a DNA 
20 sequence (s) relative to a suitable promoter 

to initiate expression of dsRNA from the DNA 
sequence (s) . 

station of plasmid pGN108. 


15 


25 


Figure 10 is a represer 
Figure 11 is a representation of plasmid P GN10 5 . 
Figure 12 is a representation of plasmid P GN40 0 . 
Figure 13 is a representation of plasmid pGN401 


Fiaure ~-- is 


a representation of plasmid pGNHO 
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Figure 16 is a representation of plasmid pGAD424 with , 
forward and reverse T7/T3/SP6 promoters. 

Figure 17 is a representation of plasmid pAS2-cyh2- 
5 HA+, both T7- final. 

Figure 18 is a representation of plasmid pGAD424- 
without-FULL-ICE-B0TH-T7 . 

10 Figure 19 (a) is a representation of plasmid pGN205 

and(b) is a representation of plasmid 
pGN2 07 . 

Example A: Construction of an ordered and 
15 hierarchical pooled cDNA library and applications 

thereof . 

A random ordered and pooled library : 
The vector is an E . coli vector harboring two T7 
20 promoters, with a multiple cloning site (MCS) in 
between. The two promoters are orientated towards 
each other, and towards the MCS. In the presence of 
T7 RNA polymerase, expressed in E. coli, C. elegans or 
any other organism, RNA will be produced, starting 

2 5 from the two T7 promoters. As these are oriented in 

the opposite sense, both strands of RNA will be 
produced from the DNA inserted (cloned) into the MCS 
in between the two promoters which results in the 
generation of double stranded RNA (dsRNA) upon binding 

3 0 of the T7 RNA polymerase thereto. 

A C. elegans cDNA library is constructed in the 
MCS using standard molecular biological techniques. 
The library is transformed into E. coli, and the 
resulting E. coli are grown in culture and stored in 
35 96 multi-well plates. At this stage, plasmid DNA can 
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be isolated and stored in 96 -multi-well plates 
corresponding to those of the E . coli colonies. 
Approximately IOC, COO colonies are scored. In this 
way, the library will harbor approximately 5 times the 
5 total expressed cDNA variation of C. elegans , which 
gives the opportunity for low expressed sequences to 
be present in the library. This will result in 
approximately 1041 96-well plates. The plates are 
hierarchical pooled as necessary. For the present 
10 pooling of the clones is arranged in a range of 10 to 
100. If the hierarchical pooling is per 8 or 12 
(numbers are more convenient as 96-well plates have a 
8 to 12 grid) , this will result in approximately 87 
multi-well plates and approximately 8352 wells. If 
15 hierarchical pooling is per 96 wells, which is a full 
plate, this results in approximately 11 plates and 
approximately 1041 wells. At any stage of the 
hierarchical pooling, plasmid DNA can be isolated, 
which would be less elaborate as less plates are used, 

2 0 but will result in a loss of complexity although this 

should not be the case in the pooling per 12. The 
pooling of the DNA can also be carried out with the 

original DNA. 

The experiments below describe how the 
25 hierarchical pooling should be performed, both for the 
DNA and for the E . coli library. 

An ordered library for RNAi technology, harboring 
every gene of the C. elegans genome, with 

3 0 applications thereof 

As the genome- sequencing project is 
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preference, exons will be cloned with a minimal length 
of 500 bp. If the exons are too small, smaller 
fragments will be isolated with PCR, or even parts of 
introns and neighboring exons will be isolated with 
5 PCR technology so that at least a sufficient part of 
the translated region of the gene is cloned. For 
this, at least 17000 PCR reactions need to be 
performed. This collection of PCR products will be 
cloned in a T7 vector as described (two T7 promoters 

10 oriented towards each other with a multiple cloning 
site in between) . Every PCR product is cloned 
independently, or can be used to generate a random 
library, analogous to the described cDNA library. If 
every PCR product is cloned individually, the 

15 resulting bacteria and plasmid DNA can be pooled in 

various ways. Firstly, this collection of individually 
cloned PCR products in the T7 RNAi vector can be 
pooled randomly, as described in the random library. 
This pooling can also be done in a more rational way. 

20 For instance, the genes of the C. elegans genome can 
be analyzed using bioinf ormat ic tools (in silico 
biology) . Various genes of the 

genome will belong to a gene family, or will have 
homologues in the genome. These members of the gene 

25 family will be pooled, or the members, being 

homologues will be pooled. In this way the total 
number of about 17000 clones is reduced to a more 
useable quantity. This library can be used to screen 
for phenotypes in the methods according to the 

3Q invention. The resulting phenotype gives a functional 

description to the gene or gene family or gene 
homologues of the C. elegans genome. As the library 
consists of a parr of every gene in the genome, this 
method enables description of the full genome in 

35 functional -phenotypic terms . For this the double 
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stranded RNA (dsRNA) needs to be introduced in the 
worm. This introduction of clones alone, or pooled 
clones, being random pooling or rational pooling can 
be achieved in several ways as described. 

5 

Example of a vector for the expression of double 
stranded RNAi 

Any vector containing a T7 promoter may be used, 
10 and which contains a multiple cloning site (there are 
many commercially available) . Primers containing the 
T7 promoter and a primer with the reverse 
complementary strand, both with the appropriate ends 
are designed. These primers can be hybridized, and if 
15 well designed, cloned in the vector of choice. The 
minimal sequence for a T7 promoter is 
TAATACGACTCACTATAGGGCGA. Although any vector can be 
used for the construction of a T7 expression vector 
there follows an example of how to achieve this with 
20 the vector pGEM-3zf(-). 

- Vector pGEM-3zf (+) (PROMSGA) was digested with 

Hindlll and Sail 

- Primers oGNl and oGN2 were mixed together at a final 
concentration of 1 Mg/30 ^1 boiled and cooled slowly 

2 5 to room temperature. 

- The primer was ligated into the vector using 
standard ligation procedures. The resulting vector is 
pGNl (shown in Figure 1) and contains two T7 promoters 
oriented towards each other, and harbors a multiple 

3 0 cloning site in between. 

Sequences cf oGMl and cGK2 are: 

AG Z TGT AAT ACG ACT CAT TAT AGG GCG AGA AGC TT 
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Example of the construction of a library 

RNA may be isolated from every organism that is 
sensitive to RNAi . In general the isolated RNA is then 
5 copied into double stranded cDNA, and subsequently 
prepared in suitable vectors for cloning. Several 
procedures exist and molecular biology kits can be 
purchased from various firms including promega, 
clontech, boehringer Mannheim, BRL, etc which enable: 

10 

- isolation of RNA, 

- eventually polyA RNA can be isolated (several 
techniques and kits available) 

- first strand synthesis with AMV reverse 

15 transcriptase, random hexameric primers and/or 
oligo (dT) primer 

- second strand synthesis with Rnase H, DNA 
Polymerasel , 

- flush ends with T4 DNA Polymerase 

20 - addition of an adaptor with T4 DNA ligase. 

- eventually treatment with T4 polynucleotide Kinase 

- cloning of the cDNA into the vector. 

The resulting ligation mixture can be considered 
25 as the cDNA library. The ligation contains all cDNA of 
the procedure ligated into the vector of interest. 
To order the library, the ligation needs to be 
transformed into E . coli strains. 

3 0 Application of this E. coli or DNA library 

T7 RNA producing strain: 

- a standard strain is BL21 (DE3): F-ompT [Ion] hsds (r- 
m-; and E . coli 3 strain) X (DE3). Eventually 

2 5 variants cf 5L2 1 ( DE3 , can be used, although EL2 1 
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(DE3)pLysS is used. 

- any other E. coli strain which produces the T7 RNA 
polymerase, which may be available needs to be 
constructed. This can be generated easily using a 

5 phage, which is commercially available, in this case, 
the ACE 6 vector (provided by Promega) is used. Almost 
every E. coli strain can be transfected with this 
phage and will produce T7 RNA polymerase. 

- a RNAselll mutant E. coli: 

10 Various strains are in principle available, we chose 

in a first experiment to use strain AB301-105: rna-19, 
suc-11. bio-3, gdhA2, his95, rnc-105, relAl, spoTl , 
metBl. (Kinder et al . 1973 Mol . Gen. Genet 126:53), 
but other strains may suit better. This strain is 

15 infected with ACES and so a T7 producing variant will 
be constructed. 

Wild type C. elegans worms can be grown on the 
bacteria pools. The bacteria is expressing the T7 RNA 
polymerase. This results in large quantities of dsRNA 
20 in the gut of the C. elegans, which will diffuse in 
the organism and results in the inhibition of 
expression. This library can now be used for the 
screening of several phenctypes. This technique has 
the advantage that it is a much faster to detect 
25 relevant genes in certain pathways, than the known C. 
elegans technology. Moreover, if an interesting 
phenotype is found, the responsible gene can be cloned 
easily . 

Using the hierarchical peeling one can easily find in 
30 a second screen the relevant clone of the pool 

inserted DNA of this clone can then be sequenced. 
This experiment results in genetic ana mccne~_Cc 
DATA in one step. 

v - ~ r- - • — ^ e> t . e 1 e ct3.zi s strains can c e — ■ . . — * • - 
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or drug sensibility. The C. elegans strain can be a 
mutant strain, screening for an enhanced phenotype, 
reduced phenotype, or a new phenotype . The C. elegans 
strain can be a mutant strain, and the library screen 

5 can be combined with compounds. So one can screen for 
drug resistance, drug sensibility, enhanced phenotype, 
reduced phenotype, or a new phenotype. The E . coli 
strain may be any T7 RNA polymerase expressing strain, 
like BL21 (DE3 ) , for example, but the formation of 

.0 double strand RNA may be enhanced by using a special 
E. coli strain that is RNAselll negative. RNAselll 
recognizes specific loops in dsRNA. Eventually, an E . 
coli strain can be used that is deleted in RNAses 
other than RNAselll or an E . coli can be used that is 

15 deleted in one or more RNAses. The expression of the 
T7 RNA polymerase in most known E . coli strains and 
constructs which are available to generate T7 RNA 
polymerase producing E . coli strains, generally 
comprise an inducible promoter. In this way the 

2 0 production of the T7 RNA polymerase is regulated, and 

thus the production of the dsRNA. Advantageously, 
this feature can be used to "pulse" feed the C. 
elegans worms at specific stages of growth. The worms 
are grown on the non-induced E. coli strains. When 
25 the worm has reached the stage of interest, the T7 RNA 

production in the bacteria is induced. This allows 
the studying of the function of any gene at any point 
in the life cycle of the animal. 

3 0 Screening the library for homologues of putative 

interesting human genes, and assign function to 
these genes 

Hundreds of qenes have been isolated in various 
25 projects, being genomic projects, differential 
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expressed arrays, hybridization studies, etc 
described cDNA library can provide a way to validate 
and or assign function to these genes in a fast and 
efficient manner. First of all the worm hcmologue or 
homologues or the genes need to be identified by 
bioinformatic tools (in silico biology) . PCR primers 
are developed and the cDNA fragment is isolated using 
PCR technology. PCR can be performed on the 
hierarchical pools. The positive pool or individual 
wells harboring the bacteria that has the appropriate 
cDNA is fed to C. elegans and the phenotype is scored. 

PCR can be performed on cDNA isolated from C. 
elegans. The resulting DNA can be cloned in the T7 
vector and transformed in the dsRNA producing E . coli 
on which the C. elegans worms are then fed. Depending 
on which way is faster and more reliable a choice 

needs to be made . 

If the gene belongs to a gene family, the worm 
may need to be fed on a mixture of bacteria. Each of 
them harboring a part of the member of the gene 
family. E. coli strains, growth conditions, 
combinations with compounds can be performed as 
described above. 

If the library rational is used, in which all the 
25 genes of C. elegans are cloned in a organized and 
structured way, the C. elegans hcmologue and 
eventually the other homolcgues, orthclogues, and 
members of the gene family can be traced back easily 
in the library using a silico biology. No PCR is 
3 0 involved in this step, and the bacteria and or DNA car. 
be isolated on which the worm will be grown. 


20 


Exarmples 


WO 00/01846 


PCTYEP99/04718 


20 - 


both the RNAi vector and the various E . coli strains 
that were constructed. 

I) Construction of a test plasmid 
5 Any cDNA that gives a clear phenotype in the worm 

when knocked-out, or used in a RNAi experiment can be 
used. It is known that unc-22 is a good candidate, 
but may other genes are possible. We opted for a 
sensitive system that can be used at a later stage. 

10 The system was tested with sup~35 in a pha-1 

background. Exon 5 of the sup-35 was isolated by PCR 
and cloned in the T7 promoter vector pGNl . The 
resulting vector was designated pGN2 . pha-1 (e2123) 
mutant worms cannot produce offspring at temperatures 

15 higher than 25°C. This is due to a developmental 

problem in embryogenesis . When sup-35 is knocked-out, 
or inhibited in this strain, offspring may grow at 
this temperature. Combination of pha-1 mutant worms 
and sup-35 RNAi is a good system to validate the 

20 various options. 

2) Testing the RNAi using an E. coli strain 
that produces dsRNA. 

- pGN2 was introduced in E. coli strain BL2KDE3) and 
25 T7 RNA polymerase was induced with IPTG. C. elegans 

worms (pha-1 (e2123)) were inoculated on this 
bacteria, and grown at the restricted temperature of 
2 5°C. As this mutant is an embryonic mutant at this 
temperature, no offspring will be observed. If the 
30 sup-35 gene is efficiently inhibited by the dsRNA 

present in the E . coli, offspring will be observed. 

- pGN2 was introduced in E . coli strain AB3 01-105 (DE3) 
and T7 RNA polymerase was induced with IPTG. C. 
elegans worms (pha-1 !e2122)) were inoculated on this 

35 bacteria, and crown an the restricted temperature cf 
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25°C. As this xutant is an embryonic mutant at this 
temperature, no offspring will be observed. If the 
sud-35 gene is efficiently inhibited by the dsRNA 
present in the E. coli, offspring will be observed. 

3) improving the worm strain for better uptake 
of dsRNA. 

Before plating the pha-1 C. elegar.s on the E . 
coli strain that produce the double stranded sup- 3 5 
1C RNA. The worm was mutagenised with EMS (Methane 
sulfonic Acid Ethyl) . The offspring of this 
mutagenised worm is then plated on the bacteria. The 
worm that feed on this bacteria give larger offspring 
which has a mutation that results in an improvement of 
dsRNA uptake, and can be used for further experiments. 


15 


20 


25 
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Stable integration of the dsRNA producing vector 
into the genome of the T7 RNA polymerase 
producing worm 

An E. coli vector can be constructed harboring 
the following features; Two T7 promoters directed 
towards each other, with a restriction site or a 
multiple cloning site in between. Furthermore, the 
vector may contain the C. elegans sup35 genomic DNA, 
engineered in such a way that it contains several 
stopoodons at various intervals, so that no full 
lenath protein can be expressed form the su P 35 genomic 
Defragment as illustrated in Figure 8. Any cDNA or 
cDNA fragment can be cloned in the multiple cloning 
site between the two T7 promoters. When this vector 
is introduced in a C. elegans strain which expresses 


WO 00/01846 


- 22 - 


PCT/EP99/04718 


10 


The vector is designed to be used in pha-1 
(e2123) mutant worms expressing T7 RNA polymerase. 
The expression of the T7 RNA polymerase may be 
constitutive or regulated, general or tissue specific. 
These pha-1 (e2123) worms cannot produce offspring at 
temperatures higher than 25°C, which is due to a 
development problem in embryogenesis . When sup-35 is 
inhibited or knocked-out in this stain, offspring may 
grow at this temperature. 

When the vector is introduced in the worm, the 
vector may integrate by homologous recombination 
(Campbell-like integration) . It has been shown that 
homologous recombination occurs in C. elegans, 
although at low frequencies (Plasterk and Groenen, 
15 EMBO J. 11:287-290, 1992). Homologous recombination 
at the sup35 gene will result in a knock-out of the 
gene as the two resulting sup-35 genes will harbor the 
stopcodons. The resulting worm, and its offspring, if 
this recombination happens in the eggs, will have a 
2 0 copy of the vector integrated in the genome. This can 
be selected as only the worms for which the sup-35 has 
been knocked-out will have offspring at temperatures 
higher than 25°C. Furthermore, the resulting worm 
will stably produce double stranded RNA from the DNA 
25 fragment cloned between the two T7 promoters. This 

worm can now be considered as a stable transgenic worm 
strain with a reduction of function of the gene, from 
which a fragment has been cloned between the two T7 
promoters . 

The DNA may be delivered to the worm by several 
techniques, including injection, ballistic 
transformation, soaking in the DNA solution, feeding 
with bacteria. New and other methods chat increase 
che transformation efficiencies can be considered. 


30 
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have other mutations than the pha-1 (e2123) mutation, 
and may express other genes than T7 RNA polymerase. 

EXAMPLE B: a Yeast two-hybrid-RNAi vector 

A yeast two hybrid vector can be constructed 
harboring the two T7 promoters. The vectors can be 
designed to replicate both in yeast and in E. coil. 
in general cDNA libraries for the yeast two hybrid 
system are made in the Gal4 or LexA vectors. The 
library is constructed in vectors having the 
activation domain of one of these genes. A vector can 
be constructed that can still perform in the 
yeast two hybrid screen but which also contains two T7 
promoters orientated towards each other, with a 
cloning site therein between. The order of the 
sequences in the plasmid will then be "plasmid 
backbone, (GAL4-T7), MCS, T7 , backbone". A C. elegans 
cDNA library constructed in this vector can be used as 
a standard yeast two hybrid library in an experiment 
to isolate interacting proteins with a given protein. 
Once a clone is isolated, the plasmid can be 
introduced in an E . coil strain expressing the 
T7 RNA polymerase, and hence will produce dsRNA of the 
cloned fragment. The bacteria producing this dsRNA 
can be fed to the worm and phenotypes can be scored. 
As in the previous example, this validation procedure 
for a newly isolated yeast two hybrid clone is 
remarkably shorter than the standard procedure, which 
requires PGR and/or cloning steps, RNA experiments 
and/or knock-out experiments. In most cases isolated 
clones are sequenced firs 
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coli and fed to the worm. Validation is then performed I 
by phenotype analysis. 

To apply this procedure a yeast two hybrid was 
performed using a known gene as bait and the newly 
5 constructed library as the target. Proteins coded by 
the clones in the target that interact with the bait 
protein, will result in positive yeast clones 
expressing the reporter molecule such as can be 
observed by LacZ staining with X-gal . The plasmid 

10 coding for the target protein is isolated directly 

from the yeast strain and introduced in E. coli. The 
E. coli is T7 RNA polymerase producing E. coli. In 
this case, double stranded RNA is produced from the 
DNA cloned in the multiple cloning site of the vector. 

15 When this dsRNA is fed to the worm using the methods 
described previously, the gene has inhibited in the 
worm, resulting in a particular phenotype. 

- This yeast two hybrid vector can advantageously be 
used to construct an ordered and hierarchically pooled 

2 0 library as described in the previous example. 

- A yeast strain can also be constructed that 
conditionally produces T7 RNA polymerase. After yeast 
two hybrid experiments, the expression of the T7 
polymerase could be induced, resulting in the 

25 production of dsRNA in the yeast cell. Consequently 
the yeast could be fed to the worm. Evidence is 
available showing that the C. elegans worms can feed 
on yeast . 

3 0 Construction of a T7 RNA polymerase producing 

strain, and applications thereof 

A C. elegans strain can be constructed 
expresses T7 RNA polymerase . The expression 
3 5 aeneral and constitutive, but could also be 


that 
can be 
regulacec 
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under a tissue specific promoter, an inducible 
promoter, cr a temporal promoter or a promoter 
harbors one of these characteristics or combination of 
characteristics. DNA can be introduced in this C. 
elegans strain. This is done either by in D ection, by 
shooting with particles, by electroporation or as 
aforementioned by feeding. If the DNA is a plasmid as 
described in the previous examples, i.e. a plasmid 
harboring a cloned cDNA fragment or a PCR fragment 
between two flanking T7 promoters, then dsRNA of this 
cDNA or PCR fragment is formed in the cell or whole 
organism resulting in down regulation of the 
corresponding gene. The introduced DNA can have an 
efficient transient down regulation. The introduced 
15 DNA can form an extrachromosomal array, which array 
might result in a more catalytic knock-out or 
reduction of function phenotype . The plasmid might 
also integrate into the genome of the organism, 
resulting in the same catalytic knock out or reduction 
2 0 of function phenotype, but which is stably 
transmit table . 

- Plasmid DNA harboring a cDNA or a part of a cDNA or 
an EST or an PCR fragment of C. elegans cloned between 
two T7 promoters as described in Examples A) and B) 

2 5 can be introduced in the T7 RNA polymerase worm, by 
standard techniques. Phenotypes can be analysed -DNA 
from an ordered and pooled library as in Example A) 
can be introduced in the T7 RNA polymerase worm, by 
standard techniques (injection, shooting). Phenotypes 

30 car. be analysed. With the hierarchical pool, the 
original clone car. be found easily. 

- The same procedure can be performed with a mutant 
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compounds. Screening with either a wild-type strain or 
a mutant strain for enhanced or new phenotypes . 
- The DNA could be introduced in the worm by new 
methods. One of which is the delivery of DNA by E. 
5 coli. In this case the hierarchical pooled library is 
fed to the animal. To prevent digestion of the E. coli 
DNA in the gut of the nematode, preferentially a DNAse 
deficient C. elegans will be used, such as nuc-1 

(el392) . This procedure would be one of the most 
10 interesting as it would be independent of 

transformation efficiencies of other techniques, and 

generally faster and less labourious . 

2) Putative enhancements of the method. 
15 - A vector is designed, so that it harbors the sup-35 
cDNA or a part of this cDNA , cloned in between two T7 
promoters. The rest of the vector is as described in 
Examples A) and B) . This vector can be introduced into 
a pha-lts mutant C. elegans. A temperature selection 
20 system exists in this case and only those worms which 
have taken up the DNA and express the double stranded 
sup-35 RNA will survive at restricted temperatures. 
The hierarchical pooled library can be delivered by 
any method described above. 
25 . The vector can be used to construct a library that 
is introduced in a T7 RNA polymerase expressing E . 
coli. In this case we have an analogous screening as 
in part A) with an additional screening for worms where 
the dsRNA of sup-3 5 is active. 
30 - The DNA and or dsRNA of sup-35 could be delivered on 

a different plasmid. For the feeding, both DNA feeding 
(Example C) or dsRNA feeding Example A) and B) , this 
means that the two plasmids could be present in one 
bacterium, or that the worm is fed on a mixture c: 
35 bacteria, cr.e cf which harbors the sup-35 construct . 
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Example of the construction of a T7 RNA producing 
C. elegans 

To produce T7 RNA polymerase in the worm, several 
5 oossibilitiea are possible. The T7 polymerase can be 
expressed under various promoters, being inducible 
oromoters, constitutive promoters, general promoters 
and tissue (cell) specific promoters, or combinations 
of those. Examples of these promoters are the 
10 heatshock promoter hsp-16, the gut promoter ges 1, the 
promoter from cet858, but also the promoter of dpy 7 
and the promoter element GATA1 . In this example the T7 
RNA polymerase is expressed under the control of the 
hsp-16 promoter that is available in the pPD49.78 
15 vector. The T7 RNA polymerase is isolated as a PCR 
product using the primers of GN3 an GN4 . 

The resulting PCR product is digested with Nhel 
and Ncol, as is the vector in which we want to clone, 
being the Fire vector pPD49.78. The resulting vector 
20 is pGNlOO illustrated in Figure 2 oGN3 : CAT GGC AGG 
ATG AAC ACG ATT AAC ATC GC OGN4 : ATG GCC CCA TGG TTA 
CGG GAA CGC GAA GTC CG pGNlOO is included. 

The vector is introduced into the worm using 
standard techniques, such as micro infection, for 
2 5 example. 

The following strains were then constructed: 


-Wild-type (pGNlOO) 
-nuc-1 !e!392) (pGNlOO) 
-pha-1 Ce2123) (pGNICO) 
-pha-1; nuc-1 (pGNlOO) 
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by metals such as application of heavy cadmium or 
mercury. The procedure for temperature induction is to 
shift the animal to a temperature of 30-33°C for at 
least one hour, then the animal can be shifted back to 
standard 

temperatures (15-25°C) . 

The wild type strain producing T7 RNA polymerase 
can be used for the production of any RNA in the worm. 
More specifically, the plasmids from the described 
libraries can be introduced in these worms, and 
phenotypes can be scored. 

The nuc-1 mutant worm will be used to introduce 
DNA via bacteria on which the worm feed. As the nuc-1 
worm does not digest the DNA, the plasmid DNA can 
15 cross the gut wall. If taken up by the cells that 

produce the T7 RNA polymerase, dsRNA will be produced 
thus inhibiting the gene from which the RNA was 
transcribed . 

The pha-1 mutant strain that produced T7 RNA 
2 0 polymerase can be used to enhance the procedures as 
described above. DNA can be introduced by shooting, 
micro injection or feeding. More specifically this 
strain can be used for the vectors that produce dsRNA 
from sup-35 and from the gene of interest, the latter 
2 5 can be a PGR product, a cDNA, or a library as 
described . 

The pha-1; nuc-1 mutant producing T7 RNA 
polymerase can be used for the bacterial delivery of 
the DNA. DNA will preferentially be the plasmid that 
30 produce dsRNA from both sup-35 and the gene of 

interest. The worm strain will preferentially produce 
the T7 RNA polymerase in the gut. Delivery will 
preferentially happen by feeding the worm on bacteria 
harborinq the plasmid. 
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Application of the RNAi technology in plants 

Nematodes are responsible a large part cf the 
damage inflicted on plants and nore particularly to 
5 plants used in the agricultural industry. The RNAi 

procedures according to the invention can be applied 
to plants to prevent these parasitic nematodes from 
feeding longer. In a first step, a DNA fragment is 
isolated from the parasitic plant nematode that is 
10 critical for the animals survival or growth, or to 
feed or to proliferate. Any gene from which the 
expression is essential is suitable for this purpose. 

A part of this gene, an exon or cDNA is cloned. 
This DNA fragment can be cloned under the influence of 
15 a tissue specific promoter preferably a root specific 
promoter even more preferably between two root 
specific promoters. The DNA of the cloned gene under 
the control of the root specific promoter can be 
introduced in the plant of interest, using plant 
20 transgenic technology. For every parasitic nematode, a 
different piece of DNA may be required and likewise 
for every plant race, a different promoter will be 
needed . 

The root will produce RNA or dsRNA from the 
25 introduced piece of DNA when root specific promoter is 
utilised. As the nematode feeds on the plant, the RNA 
and/or dsRNA will be consumed or ingested by the 
nematode. The RNA and/or dsRNA can enter the ceils of 
che nematode and perform its inhibitory action on the 
3 0 target DNA. Depending on the nature of the cloned DNA 
oiece of worm, the nematode will not be able tc 
survive, to ea:, proliferate, etc in any case 
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Construction of a T7 RNA polymerase producing C. 
elegans 

To produce a T7 RNA polymerase or other RNA 
5 polymerases in animals, and more particularly in 

nematodes and most particularly in C. elegans, several 
possibilities can be envisaged. The T7 RNA polymerase 
can be expressed under various promoters. These 
promoters may be inducible promoters, constitutive 
10 promoters, general promoters, tissue specific 
promoters, or combinations of those. 

Kxamolel : 

Construction of a basic ve ctor for expression of 
15 T7 polymerase in C. elegans 

The T7 polymerase coding sequence was PCR 
amplified from_X CE6 (Novagen, Madison, USA) using the 
primers oGN2 6 (ATGGAATTCTTACGCGAACGCGAAGTCCG) and 
20 oGN4 6 (CTCACCGGTAATGAACACGATTAACATCGC) , using standard 

procedures (PCR, A practical A practical approach, 
1993, Ed. J. McPherson, et al , IRL Press). The 
resulting DNA fragment encoding for the T7 RNA 
polymerase was digested with Agel and EcoRI and 
25 inserted into the Fire vector pPD97.82 digested with 

Agel and EcoRI. The resulting construct encodes for an 
open reading frame of T7 RNA polymerase in fusion with 
the SV40 large T antigen nuclear localization signal 
(NLS) with amino acid sequence MTAPKKKRKVPV . This 
30 nuclear localization signal sequence is required to 
translocate the T7 RNA polymerase from the cytoplasm 
:o the nucleus, where it is able to bind to its 
specific promoters, designated T7 promoters. Upstream 
of the coding sequence for the T7polymerasef usion 
-■rctem is a minimal promoter (myo-2) preceded by a 
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multiple cloning site (MCS ) in which several C. 
elegans promoters can be inserted. This plasmid 
(pGN105 shown in Figure 11) is a basic T7 RNA 
polymerase plasmid which enables the expression of 
T7colymerase in C. elegans. Derivatives of this 
olasmid wherein promoters are cloned into the multiple 
cloning site, allow for the inducible, constitutive, 
general and tissue specific expression of T7 RNA 
polymerase in C. elegans, as expression will be 
regulated by the promoter cloned in the multiple 

cloning site. 

Although not restricted to these examples, for 
the following promoters it is known that they induce 
expression in the following tissues. 
15 let-858 (ubiquitous expression) , myo-2 (pharynx 

expression), myo-3 (body wall muscles) , egl-15 (vulval 
muscles), unc-119 (pan-neuron). 


10 


20 


25 


30 


Rxam.ple 2 : 

. auction r,f a vector fox _exgress^on of T7 RNA 

gol^gerase in C P i^ S muscle tissue . .. 

The T7 RNA polymerase coding sequence was PCR 
amplified from_A CE6 using the primers oGN43 
(GCCACCGGTGCGAGCTCATGAACACGATTAACATCGC) and oGN44 
(CACTAGTGGGCCCTTACGCGAACGCGAAGTCCG) digested with 
Agel/Spel and inserted in the P GK13 vector digested 
with Aael/Spel. (This vector contains the strong SERCA 
promoter which drives expression in the pharynx, the 
vulval muscle, the tail and the body wall muscle). A 
nuclear localization signal (NLS) of SV40 large T 
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Sacl/Agel restriction sites. The resulting construct 
was called pGN108 as shown in Figure 10. Introduction 
of this plasmid into C. elegans results in the 
expression of T7 RNA polymerase in the pharynx, vulva 
muscle, tail and body wall muscles. 

To test expression and functionality of T7 RNA 
polymerase in C. elegans under the regulation of the 
SERCA promoter, pGN108, which encodes the T7RNA 
polymerase under the control of the SERCA promoter was 
injected into C. elegans. A test vector was co- 
injected. This test vector encodes for GFP under the 
control of a T7 promoter (pGN401 in Figure 13) . The 
plasmid pGN401 was constructed by inserting two 
overlapping oligo's oGM41 (CCCGGGATTAATACGACTCACTATA) 
15 and OGN42 (CCGGTATAGTGAGTCGTATTAATCCCGGGAGCT) in the 

Sacl/Agel opened Fire vector P PD97.82. generating a T7 
promoter. Furthermore a selection marker was co- 
injected to select for transf ormants (rol6, pRF4). The 
latter selection vector pRF4 is well known to person 
skilled in the art. Transgenic Fl could easy be 
isolated as they display the rol 6 phenotype . These 
transgenic C. elegans all expressed GFP in the 
pharynx, the vulval muscle, the tail and the body wail 
muscle. This data show clearly that theT7 RNA 
polymerase is functionally expressed under the 
regulation of the SERCA promoter, and that the 
expressed T7 RNA polymerase binds to the T7 promoter 
present in pGN401 and initiates transcription of the 
GFP gene, which is then functionally expressed, 
resulting in fluorescence in the muscle tissues where 
SERCA is inducing the expression of the T7 RNA 
polymerase . 
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fy^mle 3 : 

n^rnrrinr. of a v^tor for ubiquitous 
expression of T7 nolvmeras~ C. elegans 

The NLS-T7 RNA polyrr.erase fusion gene was 
isolated from pGN108 with Xmal/Bspl201 and cloned into 
the Fire vector P PD103.05 digested with 
XmaI/Bspl20I.This results in a vector wherein the T7 
RNA polymerase is cloned under the regulation of the 
let858 promoter. This specific promoter enables the 
expression of T7 RNA polymerase in all tissues. The 
resulting plasmid was named pGNHO (Figure 14) . 

F.yam ple 4 : 

Construction nf a vector fo r T7 PNA p ol ymerase 
tn^diated expre s sion of DNA fragments , genes, and 
cDNALi under the control of * T7 promoter. 

The Fire vector pPDS7.62 was digested with SacI / 
Agel and a T7 promoter sequence was generated by 
insertion of two overlapping oligo' s oGN41 
(CCCGGGATTAATACGACTCACTATA) and oGN4 2 

( CCGGTATAGTGAGTCGT ATTAATCCCGGGAGCT ) into the SacI /Age/ 
restriction endonuclease sites. This construct (pGN400 
Figure 12) contains a GFP open reading frame cloned 
between SacI and EccRI restriction endonuclease sites 
under the regulation of the T7 promoter. Any gene, 
cDNA. or DNA fragment can be cloned in this vector by 
deleting the GF? gene as a Agel/ SacI fragment and 
clonmg'the DNA fragment of interest into the vector. 
, nv-a ^= a ~er.t cf interest can be 
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Every vector that contains a T7 promoter could be used 
for the purpose of T7 RNA polymerase induced 
expression in C. elegans, such as the commercially 
available pGEM vectors and the pBiuescript vectors. 
5 This is clearly shown by the pGN4 01 vector which 

expresses GFP under the regulation of the T7 promoter 
in a transgenic C. elegans which expresses T7 RNA 
polymerase . 

The use of pGN4 0 0 has the advantage that the 
10 vector includes a 3 ' UTR fragment from unc-54 which 
enhances the transcription or stability of the RNA. 

Generation of permanent, tissue specific "pseudo 
knock-out" RNAi C. elegans lines 

15 

At present, gene knock outs in C. elegans are 
obtained after random, large scale mutagenesis and PCR 
base sib-selection. This method is bulky, very time 
consuming and tedious. It has been described that 
20 introducing double stranded RNA into a cell results in 
potent and specific interference of expression of 
endogenous genes. In C. elegans gene expression can be 
down regulated by injection of RNA into the body 
cavity of the worm, soaking the worm in a solution 

25 containing dsRNA or feeding E. coli that express dsRNA 
corresponding to the gene of interest. C. elegans 
cells have the ability to take in dsRNA from their 
extracellular environment. It has been reported that 
mRNA is the target of this ds RNA mediated genetic 

3C interference (Montgomery and Fire 1998) . It is also 
suggested that the targeted RNA is degraded in the 
nucleus before translation car. occur. Although the 
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offspring. This is probably due to a continued 
decrease of the dsRNA pool. We propose here a method 
to construct C. elegans lines with a permanent, 
inheritable, RNAi phenotype . The method encompasses 
5 the generation of transgenic C. elegans lines by 

introducing plasmids containing cDNA fragments of the 
target gene in the sense and antisense orientation 
under control of a worm promoter or by transcription 
of an inverted repeat of the cDNA from a single 
10 construct. Alternatively, ds RNA can be transcribed 
from a vector harboring a cDNA flanked by two T7 
promoters in a C. elegans strain that expresses T7 
polymerase. The result is a transgenic worm with an 
heritable stable "pseudo knock-out" phenotype. The 
15 expression of the cDNA or the T7 polymerase can be 

general and constitutive but could also be regulated 
under a tissue specific promoter. In contrast to RNAi 
induced by external ds RNAi (injected, soaked or 
feeded) this method would enable to obtain 
20 conditional, tissue specific inhibition of gene 
expression . 

Tnhihir.ion of unc-22 ex pression by RNA 
Hnt-PT-fprence results in a "twitching" phenotype. 

25 

Unc 22 cDNA (exon 22) was cloned in sense and 
antisense orientation in pPD103.05. (A. Fire nr L2865) 
containing the let 858 promoter that is capable of 
expressing RNA sequences in all tissues. The resulting 

3 0 plasmids were named pGN205 (Figure 19a) and P GN207 

(Fiaure 19 b) . These constructs were introduced into 
C. elegans together with a selectable marker (rol-6; 
GPP ; . Transgenic Fl individuals (expressing rol-6 or 
GPP) showed a "twitching" phenotype indicating that 

3 5 RNA i could be mediated by endogenous transcription or 
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RNA fron transgenic DNA. The RNAi phenotype co- 
segregated with the selectable marker into further 
offspring. This resulted in the generation of C. 
elegans lines with permanent RNAi phenotype. 

Generation of stable lin^ ^ PNA polymerase 
1 ines and qe^tion of dual t ransonic worms. 

An expression system in C. elegans based on an 
10 exogenous RNA polymerase demands two plasmids. One is 
encoded for the RNA polymerase under the control of a 
specific promoter, while the other plasmid encodes for 
the DNA fragment to be expressed, under the regulation 
of the T7 promoter. In the case of semi stable RNAi 
15 also designated pseudo stable knockouts, the DNA of 
interest is cloned between two T7 promoters so that 
dsRNA can be produced. 

As the T7 RNA polymerase expression system is 
known to be a high expression system this will result 
20 in problems to generate dually transgenic animals. If 
the gene to be expressed in the C. elegans nematode is 
toxic, this will result in lethal effects and hence in 
the construction of a C. elegans without highly 
regulated stable expression of the gene of interest. 
25 If the gene of interest is essential for the survival 
of the organism, RNAi with a DNA fragment from this 
gene will also result in lethal effects, so that 
oseudc- stable knockouts are not possible. 

Tc overcome this problem the present inventors 
3C have designed a system consisting of two transgenic 

lis. The first animal is transgenic for the T7 RNA 
-rase, This T7 RNA polymerase can be expressed :r. 
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This can be a gene or cDNA linked to a T7 promoter, or 
if one wants to perform RNAi a DNA fragment of such 
gene cloned between two T7 promoters. 

Both transgenic animals are viable and do not 
5 show any aberrant phenotypes . This is because the 
T7RNA polymerase expressed in the first transgenic 
organism is not toxic for the organism, even if 
expressed at relative high levels. In the second 
transgenic organism, the gene of interest is not 
10 expressed or the dsRNA is not produced as these 
transgenic animals do not contain the T7 RNA 
polymerase . 

Expression of the gene or cDNA of interest or 
RNAi with a DNA fragment can now be obtained by mating 
15 the two transgenic animals. The offspring of these are 
dually transgenic and express the gene of interest or 
express dsRNa of the DNA fragment of interest. 
To generate sufficient males in such a mating, one of 
the transgenic animals males can be a C . elegans 
20 mutant with a phenotype favouring generation of males. 
An Example of such a mutant is him- 5- Preferentially 
such a mutant will be used to make a C. elegans 
transgenic for T7 RNA polymerase, while the 
hermaphrodite harbors the DNA fragment under the 
25 regulation of the T7 promoter. 

To select efficiently for the dual transgenic 
offspring a second transgene can be introduced in the 
second transgenic animal. This transgene contains a 
reporter gene under the regulation of the T7 promoter. 
30 The reporter gene can be GFP , luciferase, Beta 

galmactosidase , or beta- lactamase . an example of such 
a ttransgene are the vectors pGN400 and pGN401. 

To obtain inducible, tissue specific expression 
of a transgene in C. elegans we car. make male stock 
(i.e. him- 5) carrying the T7 polymerase construct 


j- 5 
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under the control of different C. elegans promoters 
that enable tissue specific expression such as) . This 
males can be crossed with hermaphrodites carrying the 
gene of interest under the control of a T7 promoter. 
5 ~ Furthermore, the transgenes can be integrated 
into the genome of the animal . Methods to generate 
stable integration of a plasmid into the genome of the 
animal have been described (Methods in cell biology, 
Vol. 48, 1995, ed. by epstein and Shakes, academic 
press) and involve radiation of the animal. 
This can be done for both animals animals, but 
preferentially, the animals expressing the T7 RNA 
polymerase are subject to such traetment . This result 
in a collection of C. elegans nematodes that stably 
express T7 RNA polymerase under the control of various 
promoters, examples of such promoters are the myo-2 
(pharynx expression), myo-3 (body wall muscles), egl- 
15 (valval muscles), unc-119 (pan-neuron), SERCA 
(muscles), iet858 (all cells) ges-1 (gut). 


10 


15 


20 


25 


Construction of RNAi T7 promoter yeast two hybrid 
vectors 

EGAD424 with forward *r.d reverse ^1 m and or So6 
in most two-hybrid experiments a cDNA library is 
cloned in plasmid pGAD424 (Figure 16) which has been 
engineered with additional restriction s: 


DO 


ly linker such as a 


Ncol site (Clontech) . This 


library allows for screening of binding proteins m a 
veas - two hvfcrid experiment . We constructed a new 
veast two hybrid vector with the same possibilities 
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a T7- linker (consisting of the following primers 
aattcttaatacgactcactatagggcc and 

catgggccctatagtgagtcgtattaag) into the EcoRI-Ncol site 
of pGAD424. The resulting vector was designated 
5 pGAD424-without-FULL-ICE-both-T7. Care was taken to 
eliminate stop codons and using maximal polylinker 
compatible amino acids. We adopted the same strategy 
for the reverse T7 (consisting of both primers 
gatccgtcgacagatctccctatagtgagtcgtattactgca and 
10 gtaatacgactcactatagggagatctgtcgacg) with BamHl and 

Pstl. To avoid loss of Sail, we included this site in 
the primer. 

The Sail site is important as most libraries are 
cloned in this site, adapters are available. This 
15 makes the newly constructed vector compatible with 
existing vectors. 

pA.q? with wit-h forwar d and reverse T7/T3 and or 


20 

An analogous yeast two hybrid vector was 
constructed based on pAS2 (Clontech) . By partial EcoRV 
digestion we were able to remove a significant part of 
the cyh2 gene. The right construct can be isolated and 

25 checked by a restriction digest with Bglll. this 

restriction site is present in the EcoRV fragment of 
PAS 2 to be eliminated. This elimates the cyh2 gene 
which is slightly toxic gene and involved in growth 
retardation. This gene is non-essential for the 

3 0 performing of RNAi and Yeast two hybrid experiments. 
After the elimination of the EcoRV fragment, The 
EcoRI restriction site which is located between the 
DNA sequence encoding for GAL4DB and KA (epitope) 
becomes unique for the piasmid, and can be used to 


SUDS 


itute HA with a T7 promocer containing linke: 
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This ensures persistence of all restriction sites, 
allowing both in frame cloning and compatibility with 
previous vectors and pGAD4 24 . We used the following 

linker (primers: aattcttaatacgactcactatagggca and 
5 tatgccctatagtgagtcgtattaag) using Ecorl and Ndel 

cloning sites. We adopted the same strategy for the 

reverse T7 (primers: 

gatccgtcgacagatctccctatagtgagtcgtattactgca 

catgggccctatagtgagtcgtattaag and 
10 gtaatacgactcactatagggagatctgtcgacg) with BamHl and 
Psti. To avoid loss of Sail we included it in the 
primer. The resulting vector was designated P AS2-cyh2- 

HA+both T7- final. 

Having the T7 promoter (or alternatively the T3 , 
15 or SP6 promoter) in pGAD424 allows to go quickly from 
interacting protein to RNAi and assigning function to 
the isolated DNA fragment. An additional advantage is 
che ability to make by in vitro transcription coupled 
cc in vitro translation (There is an ATG in frame with 
20 either GAL4D3 or GAL4AD) labeled protein which can be 
used for in vitro controls (e.g. pull down assays) of 
the actual protein-protein interaction. 

The sequences of the plasmids produced and the 
SP6 and T3 polymerase are identified in the Sequence 
25 Listing provided below: 
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SP6DNA-de P endcntRNA polymerase: SEQUENCE ID NO. 1 


swissprot acccsion number P06221 
protein sequence: 

1 tnqdlhaiqlq leeemfnggi rrfeadqqrq iaagsesdta -rrllseli ap-egiqay 
61 keeyegkkgr apral.flqc -nevaayx ^dmlnt £tlqai«» ^ 
121 fskleghaak yfekvkkslk "rtksyrha hnva vgqwisaf ke hvaqlspa 

181 qigttlleil egsvfyngep ^amrtyg Xg^hJrk Itqkqxupkvy kainalqntq 
241 yapevipprp wrtpfnggfh tekvasrxrl vkgnrehvr elkem ispeq 
301 wqinkdvlav «.v«ldlg WJPJ^ ^gqa'rkysa fesiyfvyam dsrsrvyvqs 
361 wqqfinwkge carlytaetk rgsksaayvx ' qwdkktfdvr vsnvldeefq 

421 stlspqsndl fallrfteg rpvngvealk wfcrng.nlw j£*t scs 
481 dmcrdiaadp ltftqwalead apyeflawcf eyaqyiai ^ dda ttftsgS vtl 

541 giqhysamlr devgakavnl "^apqdiy javaqvvxkk J e keaqkavae 
601 sgtelramas awdsigxtrs Itkkpvmtlp V5f^^«J Livamkmir qlarfaakrn 
661 grtankvhpf eddrqdyltp J"yny»t.l £PJ£Jj£ JE^Sm gaaapnfvhg 

^ kxss sscs £S jss^ .i*^-* 

8 41 eehevrwmvd tgievpeqge fdlnexrodse yvfa 
T3DNAdependertRNA polymerase: SEQUENCE ID NO. 2 

swissprot accession number P07659 
protein sequence: 

1 mVieniekn dfseielaai pfntladhyg salakeqlal ehesyelger rflkmlerqa 
*i w2™?2dnaa aknllatllp klttrivewl eeyaskkgrk psayaplqll kpeasafxtl 
1 S rSrxaaaag mxgkaiedea rfgrirdlea khfkkhveeq Inkrhgqvyk 

ill klfiqvvead Sgrgflgge awsswdkett mhvgirliem liestglvel qrhnagnags 
III dhea?qlaqe yvdvLkrag alagxspmfq pcwppkpwv aitgggywan grrplalvrt 
3 i Skkgx^e Svy.pevyka vnlagntawk xnkkvlavvn e-nwkncpv adxpslerq. 
361 ippkpddidt neaalkewkk aaagxyrld «v.rr» ,1. £« ljq.n« . skka wfpyn 
421 mdwrarvyav pmrnpqgnam tJcgiitxaKg spiyccyiy = ' , 

48i afiekhvddi lacakdoxnn twwaeqdspf cflafcfeya gvthhglsyr. cslplafdgs 
5- cSqxqhfsam Irdevggrav nllpsetvqd iygivaqkvn eilkqdaxng tpnenxtvtd 
I Si S?S":S klgtstlaqq wlaygvtrsv tJcr.vmtl.y gske g rqg vlddtjjpax 
661 dsgkglmftq pnqaagymak liwdavsvtv vaaveamnwl j j ! 

72i rhrcavhwtt odgfcvwqev rkplqkrlcta xflgqfrlqp txn.lkdsgx dahkqesg.a 
781 pnfvhlqdgs "hlLtwyah ekygxesfal xhdsfgtipa dagklfkavr .tmvity.nn 
641 dvladfysqf adqlhetqld krapplpkkcn Inlqdxlksa fa, a 
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_ ~ SEQUENCE ID NO. 3 

pGN108: 

gngtcguaagaga.gttmatmcttucaccgggtcc.ctctctctgccagcacagctcagtgnggctgtgt^ 
LLLncncncnctctcctgctctcg^ 

atmcagataaaaccaaactacttgggmcagccgtcaacagatccccgggattggccaaaggaccaaag^ 
rat^aacattttcaeeaeeacccnecnggagggtaccggatgactgctccaaagaagaagcgtaagctcatgaacacgatuacatcgcuagaa 



8°^*^^?!^™^ J iJ L^^ttctecmeaBtacectggggtacagcaccacggcctgagctataactgctcccttccgc 


cagStgLLccatgagtgataacactgcggccaacttacttctga^^ 
gggatcatgL 

LacgngcgcaaacuttaLtggcgLctacttactctagcttcccggcaacaatuatagactggatggaggcgg 

aagfccS^ 

gcLggtaactgtcagaccaagmactcatatatacmagangamaaaacncattmaamaaaaggatctaggtgaagatccttmgataatct a 

agcngcaaacaaaaaaaccaccgcTaccagcggtggmgtttgccggatcaagagcUccaactcttmccgaaggtaactggcUcagcagagc 
" e ..A; .^-^-^.^r.cttatta^ccaccacncaagaactctgtagcaccgcctacatacctcgctctgctaatcctgnac 



en;Xca g cacagcc^cL 

agaa^Lcggacasgtaxc e£ taagcggcagggtcggaacaggagagcgcacgagg S ag=accagggggaaacgcctggtatcmatagtc 
6 S3 So ~e -~ t> ^.^^ro^ f r 0 aaoarc7aacrccrar22aaaaacecca.2caacgc2Bcctrmac 


a2aa222C22aca22ia:cc2iia4^L^^^a^g^iu55««^- 6& - & -t,~^ — o ^ 

c?* = „g«5gcea«ic^ 
B *Rccfggcc™gc«*^ 

gL-ecaiccgaacgac^agcgcascgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaac^ 
ar^aa: e ca e: teg:ac £ a:a2 G raccc 2 ^^ 

BE-n'aca^tBcr:ceK:=E^a!2REtgtaaaaKgtg3gcggaaaeaamcacacasaaaacag=tatgacca:ganacgccaagctgt 
«%maaacateatcKactrac:aacta~ct=a^aaamtcagagcnaaaaatggctgaaatcactcacaacgatggatacgctaacaa=ttegaa 
,.:,,, : , ac= ancat=c:ucaaaa:aaaaaa2tactB=ttac=ng:aaaar.cgg!gctncn:aaagagaaactn:gaag:cggcgc g agcat 
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ttccttctttgacttctctctttccgccaaaaagccUgcatttttattgataatttgattacacacactcagagttcttcgacatgataaagtgtttcattggcac 
tcgccctaacagtacatgacaagggcggatuttatcgatcgatattgaagacaaactccaaatgtgtgctcattttggagccccgtgtggggcagctg 
ctctcaatatatocugggagacgaggagggggaccttatcgaacgtcgcatgagccattctttcnctttatgcactctcttcactctctcacacattaat 
cgattcatagactcccauttccngatgaaggtgtgggttttugctttttttcccgatttgtaaaaggaagaggctgacgatgttaggaaaaagagaacg 
gagccgaaaaaacatccgugtaagtcncctttuagccgacacmttagacagcattcgccgcugtmgaagttuaattttaaaaaataaaaatta^ 

mcaattttmmtuctaaataggcaaaagtttmcaagaaac^ 

tctuagatguattacgagaagctttmgaaaartctcaattaaaagaamgccgamagaataaaagtcttcagaaatgaguaaagctcaaanaga 
agmgtm^aaggaaaaacacgaaaaaagaacactatttatctmcctccccgcgtaaaattagttgttgtgataaugtgatccgctgtctamgcact 
cLacttcacaccgtgcttcctclcacttgacccaacaggaaaaaaaaacatcacgtctgagacggtgaangccnatcaagagcgtcgtctctttca 
cLagtaacaaaaaaLmggmcmcraatatttatgtaggtcacaaaaaaaaagtgatgcagtmgtgggtcggttgtctccacaccacctccgc 

ctccfgcagcacacaatcaStcgtgcgttctcgacgattccttgtatgccgcggtcgtg^ 
acmcggtggtatuctacacgtcttcgttgttcgtagtctccc^^ 


Lcacccctcgcttgmctcaaaatatgagatcaacggattrmccnctcgancaatttmgctgcgctctgtctgccaa^tgtgtg^ 
agatgagagaatttacaaacagaaatgaaaaaaagttggccaaauatgaagttttatccgagattgatgggaaagatattaatgttctttacggtttgga 

gLgagagagagamgatmcgcatcaaactccgccttttaca^ 

Lgtaam?g?aftmcttgccaaaaa«acacgaaamgtggEtctcgccacgatctcggtcttagtggttca^ 
Kctagtgtttaamccgcataanegacctaaaatgggttmgtcatcatmcaacaagaaatcgtgaaaatcctgngmcgcaatmcttttcaaaaata 
cacgaaatatatggtaatttcccgaaauttgagggtctcgccacgatttcagtcacagtggccaggatttatcacgaaaaaagttcgcctagtctcacat 
ttccLaaaaccgaatctaaatagntmgtcatcattttgaacaaaaaatcgagacatccctatagtttcgcaattttcgtcgcttttctctccaaaaatga 

cagtctagaattaLancgctggaactgggaccatgatatctmct^ 

ccagtgtgtgccatatcacacacacacacacacacaatgtcgagattnatgtgttatccctgcttgatttcgttccgttgtctctctctctctattcatcttttg 

agccgalaagctccagagaaugagcacacaggatcccggcgcgcgatgtcgtcgggagatggcgccgcctgggaagccgccgagagatatca 

gggaagatcgtctgatttctcctcegatgccacctcatctctcgagtttctccgcctgttactccctgccgaacctgatatttccc 
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SEQUENCE ID NO. 4 


aaecngcatgcctgcaggccttggtcgactctagacactmcagctaccugatacatggatatccccgcctcccaatccacccacccagggaaaaa 
gafggS ^ 

^anfgccaaaegacccaaaegtatgmcgaatgatactaacataacaugaacartucaggaggacccngcnggagggtaccgagctcagaa 

LctgRtttgaggaagtgaaagctaagcgcggw 
gcaag^ 

g S catSag\tg 8 =Sag 8 agtcaaccggaatggmgc tt acaccgccaaaatg 


SagcLggcLtaaggcL 

!f!!!f.^i c "!!!!"mgggaatS 

iaBa ct Ee a e a e ancncgcaagcgttgcgctgtgcattgggtaactcctgatggtttccctgtgtggcaggaatac a 


ctggatacatggctaagctga 


gWactgtctgam^ 

Lgtgacaiagtcggacncgcgrtcgcgmgaanccaactgagcgccggtcgctaccanaccaacttgtctggtgtcaaaaataauggg 

LtcncLatccctacatgctcmctc^ 

cLcaatgaaangtgigancaaaaalagaanaancgtaauaaaagtcgaaaaaaangtgctccctccccccanaataataanctaccca 

aaatctacacaatgttcfgfgcacacncnatgtt^ 

acgmcagmatgaccgcaat^amcttcgcacg.ctgggcctctcatgacgtcaaatcatgctcatcgtgaaaaagtmggagta^ggaatmt 
caatcaagtgaaimatgaaattaatmcctgctmgcttmgggggm 

caagtaugatgagcacgatgcaagaaagatcggaagaaggmgggmgaggctcagtggaaggtgagtagaagngataat^aaagtggagta 

gtgtctatgs/gtmgccttaaatgacagaatacattcccaatataccaaacataactgmcctactagtcggccgtacg 

mcggtga 8 gacggtiaaaacctctgacacatgcagctc C cggagacggtcacagcttgtctgmgcggatgccgggagc 

KR «c«Btcag««tgnggcgggtgtcggggciggcttaacutgcggcatcag 

a 2 L e «caggtggcac^cggggaaatgtgcgcggaacccctam g mamttctaaata=aU=aaatatgtatccgc.ca,gagacaa^accct 
gataaatgcacKtaatangaaaaaggaagagtatgagtancaacamccgtgtcgcccnancccrttrngc 

cccaaaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggnacatcgaactggatctcaacagcggtaagatccngag 

agtm'cgccccgaagaacgtmccaatgatgagcacmtaaagnctgctatgtggcgcggtatutcccgtangacgccgggcaagagcaact^ 

gtceccgcatacactartctcaeaateacttggngagtactcaccagtcacagaaaagcatcnacggatggcatgacagtaagagaattatgcagtg 

ctKcataaccatgaBWataa'cactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgctttmgcacaacatgggggat 

catetaactcgccneatcgnggeaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacg 

RKocaaacnaaKtgRCguctasttactcaecncccggcaacaattaatagactggatggaggcggataaagngcaggaccacttstgcgct 

c^cccnccgRctggctggmangctgataaatttggagccggtgagcgtgggtctcgcggutcangcagcactggggccagatggtaagccc 

tc-^tatcgta^ritctacacgaceEggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactganaagcang 

EM ,- tc ,t- aa a^-aagmacr;a:ar3:acKtaeaR2aKtaaaacncattn:aatnaaaaggatctaggtgaagatccntngataatctcatgacca 

aaa:ccVnaa^etea 2 "^c E ttccac: 2 ag=gTcagaccccgtagaaaasatcaa 2 gga:cncngagatccntTtt:ctgcg=gta a t=tgctgcn 

scaaacaaaaa^a'coec^^acca^^stggntgtr.gccggatcaasagctaccaactc^^csaaggtaactggcncagcagagcgcag. 

a.: : a3a:ac:etccncastE:ae::atagrjggc=accacticaagaactcts!ag:accg:;:a=atac:tcgct=:gctaatcctgnaccagtg 
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tgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaa 

aggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcctgtc 

gggtttcgccacctctgacngagcgtcgatttttgtgatgctcgtcaggggggcggagcctatggaaaaacgccagcaacgcggcctttttacggttc 

ctggcctmgctggccttttgctcacatgttcmcctgcgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccg 

cagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattca 

ttaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagctcactcattaggcaccccaggctt 

tacactttatgcttccggctcgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccatgattacgccaagctgtaagttt 

aaacatgatcttactaactaactanctcatttaaattttcagagcttaaaaatggctgaaatcactcacaacgatggatacgctaacaacttggaaatgaa 

at 
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^,. nn SEQUENCE ID NO. 5 

pGN400: 

aa^cttecatKCtBcaMCCtt^tcgactctagacactntcagctacctagatacatggatatccccgcctcccaatccacccacccagggaaaaa 
Pc-cacaaatmctetcaEtggaeaeggtgaaggtgatgcaacatacggaaaacrtacccttaaamamgcactaaggaaaacta.ctgrtcca.gg 


cctattmetttttatcaaaaaaacttcrtctmmcmgtttmag^^ 

cc ™8™ n ™"" otoctccctecC cccattaataataattctatcccaaa a tctacacaatgttctgtgtacacttcttatgtttttmacttctg 
c ca^ 

ea aacaatcacaecrtEtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggctggcna 

calcTSwcgcccttanccctttmgcggcatmgccncctgttmgctcacccagaaacgc 

Inc gctatgtg cgcggtanalccgrangacg 
aScSagga^ 

ScaaiaS 

feateafcfaaatagacagatcgctgagataggtgcctcactgatt^ 

SaLaccaaftctttnc^ 
a^ag^ 

cgaaaeag^LccaatLwaaaccecctctccccgcgcgttggccgattcanaatecagctggcacgacaggtttcccgactggaaagcgggc 
agfgagcgcaacgcaanal.^ag^ag^ 

afaacaamcacacaggaaacagctatgaccatganacgccaagctguagtttaaacatgatcttactaactaactattctcatnaaamtcagagcn 
aaaaatggctgaaatcactcacaacgatggatacgctaacaacnggaaatgaaat 
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pGN40l SEQUENCE ID NO • 6 

gatcccggcgcgcgatgtcgtcgggagatggcgccgcctgggaagccgccgagagatatcagggaagatcgtctgatttctcctcggatgccacct 
catctctcgagtttctccgcctgttactccctgccgaacctgatamcccgttgtcgtaaagagatgttmattttactttacaccgggtcctctctctctgcc 
agcacagctcagtgttggctgtgtgctcgggctcctgccaccggcggcctcatcttcttcncncttctctcctgctctcgcttatcacttcttcattcattctt 
ancctmcatcatcaaactagcamcttactnatttatttttttcaamtcaatmcagataaaaccaaactacttgggttacagccgtcaacagatccccg 
ggattceccaaaggacccaaaggtatgtttcgaatgatactaacataacatagaacattttcaggaggacccttgcttggagggtaccggtagaaaaa 
atgagtaaaggagaagaacttttcactggagttgtcccaattcttgttgaattagatggtgatgttaatgggcacaaattnctgtcagtggagagggtga 
aggtgatgcaacatacggaaaacttacccttaaatttatttgcactactggaaaactacctgttccatgggtaagtttaaacatatatatactaactaaccct 
gattamaaattttcagccaacacngtcactactttctgttatggtgncaatgcnctcgagatacccagatcatatgaaacggcatgactttttcaagagt 
gccatgcccgaaggttatgtacaggaaagaactatatttttcaaagatgacgggaactacaagacacgtaagtttaaacagttcggtactaactaaccat 
Lataraaaatmcaggtgctgaagtcaagmgaaggtgatacccngttaatagaatcgagttaaaaggtangatmaaagaagatggaaacattctt 
ggacacaaattggaatacaactataactcacacaatgutacatcatggcagacaaacaaaagaatggaatcaaagngtaagrttaaacttggacttac 
raactaacggattaumaaattttcagaacttcaaaattagacacaacangaagatggaagcgttcaactagcagaccattatcaacaaaatactccaa 
ngecgatggccctgtccttttaccagacaaccattacctgtccacacaatctgccctttcgaaagatcccaacgaaaagagagaccacatggtccttct 
tgagmgtaacagctgctgggattacacatggcatggatgaactatacaaatagcattcgtagaattccaactgagcgccggtcgctaccattaccaac 
ttgtctggtgtcaaaaataataggggccgctgtcatcagagtaagtttaaactgagttctactaactaacgagtaatantaaattttcagcatctcgcgccc 
gtgccTctgacttctaagtccaattactcttcaacatccctacatgctctttctccctgtgctcccaccccctattmgnartatcaaaaaaacttcttcttaatt 
tcntgttmtagcttcttttaagtcacctctaacaatgaaattgtgtagattcaaaaatagaattaancgtaataaaaagtcgaaaaaaattgtgctccctcc 
ccccattaataataattctatcccaaaatcucacaatgttctgtgtacacttctutgtttttmacttctgataaattttmtgaaacatcatagaaaaaaccg 
cacacaaaataccttatcatatgttacgtttcagmatgaccgcaatttttatttcttcgcacgtctgggcctctcatgacgtcaaatcatgctcatcgtgaaa 
aagtmggagtatttttggaattmcaatcaagtgaaagtttatgaaattaattttcctgcnttgcttmgggggtttcccctangmgtcaagagtttcgag 
gacggcgtttttcttgctaaaatcacaagtattgatgagcacgatgcaagaaagatcggaagaaggtttgggtttgaggctcagtggaaggtgagtag 
aagttgataatttgaaagtggagtagtgtctatggggtttttgccttaaatgacagaatacattcccaatataccaaacataactgtttcctactagtcggcc 


aagttgataatttgaaagtggagtagigiciaigggguLiLs^uuaaaiga^tt^a-^w^^w^ « - — 

gtacgggcccggtacccagcmtgncccmagtgagggttaattgcgcgcttggcgtaatcatggtcatagctgtttcctgtgtgaaattgttatccgct 

cacaanccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacattaattgcgttgcgctcactgc 
ccgctttccagtcgggaaacctgtcgtgccagctgcattaatgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgctcttccgcttcc 
tcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggata 
acgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcccccct 
_° . . ,„,„,„,>t n r,,-rT, ! .arrroaraopactataaaeatacca22Cgmccccctggaagctccctcgtg 


acgcaggaaagaacatgtgagcaaaaggci.ag>.a<iaa55vv.a55<it".w 5 .— ee> — ° w ~ - 

gacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgmccccctggaagctccctcgtg 

cgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcag 

ttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaactatcgtcttgagtccaa 

cccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtg 

gtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagnggtagctcttgatccgg 

caaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatcttttctacg 

gggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaattaaaaatgaag 

ttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgrtcatccat 

agttgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgctcaccg 

gctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgttgc 

cgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgctcgtcgtrtggtatggcttc 

attcagctccggttcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagt 

aagttggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaa 

ccaagtcattctgagaatagtgtatgcggcgaccgagttgctcngcccggcgtcaatacgggataataccgcgccacatagcagaactttaaaagtg 

ctcatcattggaaaacgttcttcgaggcgaaaactctcaaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttc 

agcatcttttactttcaccagcgmctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaata 

ctcatactcttcctttttcaatattangaagcatttatcagggttattgtctcatgagcggatacatamgaatgtatttagaaaaataaacaaataggggttc 

cgcgcacamccccgaaaagtgccacctaaartgtaagcgttaatatmgttaaaattcgcgttaaattmgttaaatcagctcatttttt 

cgaaatcggcaaaatcccnataaatcaaaagaatagaccgagatagggngagtgttgttccagtttggaacaagagtccactattaaagaacgtgga 

ctccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgtgaaccatcaccctaatcaagtttmggggtcgaggtgccgtaaa 

gcactaaatcggaaccctaaagggagcccccgatttagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaa 

aggagcgggcgctag^gcgctggcaagtgtagcggtcacgctgcgcgtaaccaccacacccgccgcgcnaatgcgccgctacagggcgcgtc 

ccattcgccattcaggciecgcaactgngggaagggcgatcggtgcgggcctcncgctattacgccagctggcgaaagggggatgtgctgcaag 

gcgattaagttgggtaacgccagggrmcccagtcacgacgtrgtaaaacgacggccagtgagcgcgcgtaatacgactcactatagggcgaang 

gagctccaccgcggtggcggccgctctagaactagtg 
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wtcctccaaaatcgtcnccgctcigaaaaacgaaagtggacctngacatccgaaaaaatgggcgaaaaaatgaaaitgagctmtgggtcgaaaa 
laatgtmxagaatgctgagaacacgnaaacacgaagatcatatttatmgagacccggatgctctgaaaatgtctgacatagamaaaaaagcatat 

atararmtcairacaacgrgaaagtmgtgcaactmttgaatctM^ 

teaatctcmgaagtatactgtcgaaaagactgacngagcgttcgaaatgccagaagaaaactatamgaatctcgcgctaaangagaaatgcaacc 
gcgcrccactggacaattggaaaaaaaatttattcggagg 

atcgncgtttgtgagaaatttaaagtattcaaactttmatagtaagataccggtggtaccgctagccgtacgaacccgggattggccaaaggaccca 

aaggtatgmcgaatgatactaacauacatagaacatmcaggaggacccttgcttggagggtaccgga^ 

tcatgaacacgattaacatcgciaagaacgacttctctgacatcgaactggctgctatcccgtte 

cgcgaacagnggcccugagcatgagtcuacgagatgggtgaagcacgcttccgcaagatgmgagcgtcaactuaagctggtgaggttgcgga 
L^ 5 a^d 6 ii Bfi 5 5 5 e o b ^^^,^„^ ar ^ aar aarrframMffBaatttBaaaectaaccBCBgcaag 



cecccBacasccttccagttcctgcaagaaatcaagccggaagccgidg^uiuaii.aww» fc «.» e -w- e „ 

afacaaccgttcaggctgtagcaagcgcaatcggtcgggccattgaggacgaggctcgctt^ 

gaaaaacgttgaggaacaactcaacaagcgcgtagggcacgtctacaagaaagcattutgcaagttgtcgaggctgacatgctctctaagggtcta 

ctcggtggcgaggcgtggtcttcgtggcauaggaagactcto^ 
cttacaccgccaaaaictggcg^gtaggtcaa 

ctppctggcatctctccgatgttccaaccrtgcgtagttcctcctaagccgtggactggcattactggtggtggctattgggctaacggtcgtcgtcctct 

BBcgctggtgcgtactcacaguagaaagcactgatgcgctacgaagacgmacatgcctgaggtgucaaagc 

gcatggaaaatcaacaagaaagtcctagcggtcgccaacgtaatcaccaagtggaagcattgtccggtcgaggacatccctgcgattgagcgtgaa 

gaaacccgatgaaaccggaagacatcgacatgaatcctgaggctctcaccgcgtggaaacgtgctgccgctgctgtgtaccgcaagacaaggctc 

gcaagtctcgccgtatcagccngagncatgcngagcaagccaataagtttgctaaccataaggccatctggncccttacaacatggactggcgcg 

ettcetgtttacectgtgtcaatgncaacccgcaaggtaacgatatgaccaaaggacgtcttacgctggcgaaaggtaaaccaatcggtaaggaagg 

nactactggctgaaaatccacggtgcaaactgtgcgggtgtcgataaggtttcgtttcctgagcgcatcaagttcattgaggaaaaccacgagaacat 

catggcttgcgctaagtctccactggagaacacttggtgggctgagcaagattctccgttctgcnccttgcgttctgctttgagtacgctggggtacagc 

accacggcctgagctataactgctcccttccgctggcgtttgacgggtcttgctctggcatccagcacttctccgcgatgctccgagatgaggtaggtg 

gtcgcgcggttaacngcttcctagtgaaaccgttcaggacatctacgggattgttgctaagaaagtcaacgagattctgcaagcagacgcaatcaatg 

ggaccgataacgaagtagnaccetgaccgatgagaacactggtgaaatctctgagaaagtcaagctgggcactaaggcactggctggtcaatggct 

ggcttacggtgttactcgcagtgtgactaagcgttcagtcatgacgctggcttacgggtccaaagagttcggcnccgtcaacaagtgctggaagatac 

cancagccagctattsattccgscaagggtctgatgttcactcagccgaatcaggctgctggatacatggctaagctgatttgggaatccgtgagcgt 

gacggtggtagctgcggngaaecaatgaactggcnaagtctgctgctaagctgctggctgctgaggtcaaagataagaagactggagagattcttc 

gcaagcgUBCgctgtgcattgegtaactcctgatggrttccctgtgtggcaggaatacaagaagcctattcagacgcgcttgaacctgatgttcctcgg 

tcagrtccgcttacagcctaccanaacaccaacaaagatagcgagattgatgcacacaaacaggagtctggtatcgctcctaactttgtacacagcca 

agacggtagccaccttcgtaagactgtagtgtgggcacacgagaagtacggaatcgaatctmgcactgattcacgactccttcggtaccattccggc 

teacgctgcgaacctgncaaagcagtgcgcgaaactatggttgacacatatgagtcttgtgatgtactggctgatttctacgaccagttcgctgaccag 

ttgcacgagtctcaattggacaaaatgccagcacttccggctaaaggtaacttgaacctccgtgacatcttagagtcggacttcgcgttcgcgtaaggg 

ccctcgtcgagtcggtcacaatcacctgaaactccaaaggcagccagtgaggaacgtgaagaagaagaaaaagagtcatctgaacaggtttgartn 

crttctggtcaaaaagatgaaatrangamtcagccagatactcccaaaactagcagcgagaagtctgcaagtcgttcacagtcgcccagagaatcgc 

gggaagtgagccaagaggtatgmtcaaaaatcaataactgatcataatttttattgtttggtgaamaagaaaataatattcgaaaattcctctgaanat 

caagattgcagtattaatttcgagaaaaattgagatattcatagagctattgtaaattttcttgatttcagactgaaacttcggaaaatcaagagaaaatcaa 

aeaaaaggatgacgggeatsatcagcctggcacaccgaacagctatagaagccgggaaacncaccagctccaaaaaggtccaaggagaccag 

gmgtcaaaagcttcctgcgattaartctcamcaattmcagagaatcagagtctcctgaaaaatccccggttcgttcaagatctcccagaaggtcnca 

gcacgnccccgtcacgatctcctagacggcgccgagaaagaagctcagaaagaaagcaatccgaagagccagcaccgctaccagagaaaaaga 

agaaagagccgctggataactacgaacaagaaccggaggagcatatattccacccgccaaactrcgacrtatgcaacaacagartagtgataagca 

aagtgaacagtatcagagaatgaattgggaaagaatgaagaaaaagattcacggattggttaacagagtcaacgcgaagaatcttgttcaaangtca 

Eagaacncttcaagagaatgtgancgttcaaagtgagtgagaaaatcgaaggaaaaggaaagaattaatnaatmtcaggggacnctctgccgtg 

acanancaagctcaggcmcrcaccaggattctctaacgtctatgcagctttggcggcagnatcaactcgaaattccctcatgtcggtgaacttcttctc 

cgtcgtctgattgtacagttcaaaagaagmccgtagaaatgacagaggcgtcacggtgaacgtgatcaaancatcgcacamgattaatcaacaag 

nectcacgaacittcngcgctggaaatcatgattctgargcngaagaaccaactgatgattcagrtgaagtcgccangcgncctgaaagagtgtgga 

scaaaacnctsgagangctccagcagctcnaacagtgtctacgaccgtcttcgtgcaartctcatggaaactgaaagatcggaaaatgcactgga:c 

gacgtancagta:a:gatigagac^ 
aaral^aaattcctactagccaatcaggcgaccttmg 

ccacgagatcRctggcactgigcagctgcatcgctngtgctcccmctcgcttgtcnctgtgtacaccaagaaccngttgagttcatcaactgaatct 

■2 : e2ct22cr.£u^acact22r.3caclagacgactganctcgagaaatcagartgagttgcganagggtgaccta 

cVtigaaaatanca^gagganaaaaaaananctcgacaatc^ 

::;:2rt2:ct23 jaciasntttatrrnaaaaaatgTTegaaaaacatggigcaataggtaatricatagaaTttccatgtg 

J 123 ! Zl\ . T222 r *C2 C 2Tm 2"- Z 2 2 2 C !g 2 2C t2ICa2 2 2 2TC t2C tg C3 2tTH2 *22 22C 222C2'CtCt22t2 TC2 C t2 2 222tt2attTn22 ! 2 2 

.:22:~2aa:2:ca2Ct223:2;::^a~33^ 
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ccmcggtgttgtacgtcagtgtcctgcaatgctattlagttauacuaggcctaagattcaatttaatgaagtgattaaatttgttctctgaacctcttaaga 
tgatcttttggattagaaacatataagacaggmacctatctattaaaaaacagatcaaaatagatacgaccaaatcggataatccatgcctacctggcat 
ctaggaacgtgttcttagaagatncttacgtaatcgtatgaagaaataacaatugatcgttggccagcaaaaatagggttttaagtgggatagtgtttttat ; 

tagctaaccggaaaattttatagttttttmgcaagaaaccactga^ 

tcgataaaacagaatttaagtgtaaattgttcacatttagmctatmatcaaatmgttgctcaaaaacattcgaagctgctctaaaaaaatgcattaa 

aggggtmcagtggttmcacatuaaaaagctaattttaactaaaaatccatcatamccaacmgtcacaacaauaaatgctggtcaaaatgtgttcg 

aaaaaatgtttttttttttaatttttataamaaaaatagtmcmcgctgggacacatacattmgggcgtaaatm^ 

aatcataaagctacgtctgatctctctcgcacttacctgcgcctgattcgaaagaacaaccgtagccaaaagaacaagaagaacaagcacgtagttgt 

ggtagtggacgttcatcacgcaatactgaccaatggtcgtggggtctcactttccgtactattgagagaggggagactgaagatggcaattgaggaca 

gtgtcttcgacgcacgcatgcatccataagcataatccaggagggatggagagaaaaatcttgtttctaagcccctccctttgtaatacatacacatatct 

aataccgaagaatggctaattgaatggacgtcagctgttgctgtagrtgccaaggcatcatcgatgaaataactgaaagaaagaattaaataattattgc 

aggcgtatccggcggtcattgaagacttggacttgattgaggaggaggatcagatcatccatacacttaatttggaggatgcggttgatccggaaaatg 

ggcttagtaagtgactgaccacacgcggggggcattaatttaataaattgaattccatttcagatgtgttcaaactagatccagaattcgaaaagaacga 

ggaggtttatgaggagatccgtaaggaaatcattggaaacgccgatatttcggatgaggatggtggcgacgagttggatgatgaagaagagggtagt 

gatgtggaagaggctccgaagaagactacagagattattgataatactgatcagaangactgctncagaaggtattcattttgagttttgggccggcaa 

atctgtaagttgccggttgccgaaaamgctgaamgccggaaaaaaaaattccggaatttatttaaaaactttttgtaaaaattaaattaaatttgcaactt 

ttcagagaagtctacctgacaatgcaatcatctttggactaccaagaagctgctcacaaattgctgaaaatg aagattc cagacagcatgcaggtcagc 

gatgttgcaaagaaaaatmcgaccaaaaaaaccaaccaatcataaaatttaaaaaaaaactccgttttmctttttttttatacgagaaaaacc 

atgtattmgccaaattctaaaatactatccccgaaatmcaatatm^^ 

cctacgagcgattctacggaatgctcatcgaacgtttctgccgacttcgcctcgaataccagcaatactttgaaaagctctgccaggacacgtattccac 

gattcaccgaattgacatcacaaaactgcggaatttggctcgccttattgctcatttgctctcgacggatgctattgactggaagattttggccgatatgaa 

aatgaccgaagaggacacaacncttctggcagaatctatattaaatatatatttaatgaacttgtggaggcgatgggaatggttaaacttcattcgagag 

nactgatccgtgagmcctagagagagttgtmcgtattcaattttccctattttcagaactttggctcartgctttgttggattattcccacgaactaatccg 

aacagcgcacgattttcgatcaacttcncacaatgattggattgggtggtttgacgttggaacttcgtgaatggctggcaaagggtctcaagaagaaga 

agggaatgctggatcagttgaaggccgaatcaagctcagattcatcgtcgtcttcggattcgtcagactcgtctgattcttcggattctgacgattcatcc 

gactcgtcttcagattcctcatcttcttcagaatcagagccagaaccaccgaagaaaaagaagaagaagaacagtgaagagagttccaaaaagaag 

gaaaaagagaatattggtcgacgggatcgtggagacaagagagctgaacgtcatcgtgatcaaagtgtggagaacaaggacaaggatcgtcgacg 

tcgccaggattctgacgaaaatcgtcggccagaacgaggagatgaccgcaaggatcggagtaaagatcgtcgtcgtcaagactcggatgatgagg 

atcggaaaggtcgtgaacgtcgggaagattcaggggaaagacgtcgcggagatcgggatcgacgtgatcgaaacaaggatcaggaggatcaccg 

tgaagatcgccgtgaccgaagcaaggatcgtgaggatcgacgtgatcgccgtcgtcatgactctgatgatgatcgtaaaactcgtcgggatagaagt 

gaagagcgaggaggacgtcgtcgtgaagtggaatcggatgatcgacgccgacgtcgngaatmcaaattttaaatactgaatamgttttttrtcctatt 

amamattctctttgtgttttttttcngcmcuaaaaattaattcaatccaaatctaaacatgagcggtttttmctcmccgtctcccaattcg 

cctctcatctgaacacaatgtgcaagtttatttatcttctcgctttcatttcattaggacgtggggggaattggtggaagggggaaacacacaaaaggatg 

atggaaatgaaataaggacacacaatatgcaacaacattcaattcagaaatatggaggaaggtttaaaagaaaacataaaaatatatagaggaggaa 

gg"aaaactagtaaaaaataagcaaagaaattaggcgaacgatgagaattgtcctcgcttggcaaatgcgaatccgtatggagaggcacgtttggcga 

aggcaaatgttcggtatggagatctgtaaaaatttttaagttgaaamggtgttgctctmacaaaatmccgattttcgcttgaaattacggtgccaggtct 

cgacacgtcttccaattmcaaattcaaaagagcctttaatgggctgtagttgctaamctcgttmgaaaattmcttccgtttaatcgaaam 

tatttatgattttcaataaatttcaaagaaactggtgaaaactcggaaaartgtgaactacagtaatccaatccttaaaggcgcacaccttttaaatgtccgc 

cccaatacgatatttttttaagattcgctagagcggccgccaccgcggtggagctccaattcgccctatagtgagtcgtattacaattcactggccgtcgt 

macaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgccttgcagcacatccccccttcgccagctggcgtaatagcgaagaggccc 

gcaccgatcgcccttcccaacagttgcgtagcctgaatggcgaatgggacgcgccctgtagcggcgcattaagcgcggcgggtgtggtggttacgc 

gcagcgtgaccgctacacngccagcgccctagcgcccgctcctttcgctttcttcccttcctttctcgccacgttcgccggctttccccgtcaagctcta 

aatcgggggctccctttagggnccgatttagtgctttacggcacctcgaccccaaaaaacttgattagggtgatggttcacgtagtgggccatcgccct 

gatagacggttmcgcccm'gacgttggagtccacgttctttaatagtggactcttgttccaaactggaacaacactcaaccctatctcggtctattctttt 

gatttataagggatmgccgarttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaaatattaacgtttacaatttca 

ggtggcacttttcggggaaatgigcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgc 

ncaataatattgaaaaaggaagagtatgagtattcaacaruccgtgtcgcccttaucccttttttgcggcattttgccttcctgtttttgctcacccagaaac 

gctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacarcgaactggatctcaacagcggtaagatccttgagagttttcgcc 

ccgaagaacgttttccaatgatgagcactmaaagttctgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtcgccgcat 

acactattctcagaatgacttggngagtactcaccagtcacagaaaagcatcuacggatggcatgacagtaagagaattatgcagtgctgccaraag 

catgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgctttttttcacaacatgggggatcatgtaactcg 

ccngatcgttgggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaact 

auaactggcgaactacttactctagcucccggcaacaattaatagactggatggaggcggataaagttgcaggaccactrctgcgctcggcccttcc 

ggctggctggtttangctgataaatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaagccctcccgtatcgt 

agrtatctacacgacgggcagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcag 

accaagrnactcatatatacmagattgamaaaacncatttttaatnaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccnaa 

cgtgagrmcgnccactgagcgrcagaccccgtagaaaagatcaaaggatcncttgagatc^ 

aaaccaccgctaccagcggtggxgmgccggatcaagagctaccaactcmnccgaaggtaactggcttcagcagagcgcagataccaaatact 
gtccttctagtgtagccgtagttaggccaccacncaagaactctgtagcaccgcctacatacctcgctctgctaatcctgnaccagtggctgctgccag 
tggcgaraagtcgtgrcnaccgggnggactcaagacgatagnaccggataaggcgcagcggtcgggctgaacggggggncgtgcacacagcc 
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caecttggagcgaacgaccucaccgaactgagatacctacagcgtgagcaKgagaaagcgccacgcncccgaagggagaaaggcggacagg 
tatccggTaagcggcagggtcggaacaggagagcgcacgagggagcnccaggggggaacgc^^ 

ctctgSttgagcgt^ 

ggcctmgctcacatgnctncctgcgtutcccctganctgtggauaccgtattaccgcctngagtgagctgauccgctcgccgcagccgaacga 
«gagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaa=cgcctctccccgcgcgnggccgancanaa«gc^tg 
gcLgaLggmcccgactggaaagcgggcagtgagcgcaacgcaatuatgtgagnacc.cactcattaggcaccccaggcmacacma.gct 
fccggctccutgngtgtggaangtgagcggauacaamcacacaggaaacagctargaccatganacgccaagctcggaanaaccctcactaa 

agggaacaaaagctgggggg 


WO 00/01846 
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P AS2-cyh2-HA+bothT7-finaI SEQUENCE ID NO. 8 

gatccgtcgacagatctccctatagtgagtcgtattactgcagccaagctaattccgggcgaatnctutgamatgattttututtaaataagrtataaaaaaa 

ataagtgtatacaaattttaaagtgactctuggttttaaaacgaaaattcttgttcttgagtaactcmcctgtaggtcaggttgcmctcaggtotagcatga 

cgctcttattgaccacacctctaccggcatgcaagcttggcgtaatcatggtcatagctgtttcctgtgtgaaattgttatccgctcacaattccacacaacatac 

gagccggaagcataaagtguaagcctggggtgcctaatgagtgaggtaactcacattaattgcgttgcgctcactgcccgcmccagtcgggaaacctgt 

cgtgccagctggattaatgaatcggccaacgcgcggggagaggcggtttgcgtattgggcgctcttccgcncctcgctcactgactcgctgcgctcggtcg 

ttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggcc 

agcaaaaggccaggaaccgtaaaaaggccgcgttgctggcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagag 

gtggcgaaacccgacaggactataaagataccaggcgtttccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgtc 

cgcctttctcccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaac 

cccccgncagcccgaccgctgcgccrtatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaaca 

ggattagcagagcgaggtatgtaggcggtgctacagagncttgaagtggtggcctaactacggctacacugaaggacagtatttggtatctgcgctctgct 

gaagccagttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttmtgtttgcaagcagcagattacgcgc 

agaaaaaaaggatctcaagaagatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaa 

aaggatcttcacctagatccttttaaatttaaaatgaagttttaaate^^^ 

accutctcagcgatctgtctamcgncatccatagttgcctgactccccgtcgtgtagauactacgatacgggagggcttaccatctggccccagtgctgc 
aatgataccgcgagacccacgctcaccggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaacttutcc 

gcctccatccagtctattaartgttgccgggaagcttgagtaagtagt^ 

cgctcgtcgmggtatggcttcattcagctccggttcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcct 

ccgatcgttgtcagaagtaagnggccgcagtgttatcactcatggtutggcagcactgcamttctcttactgtcatgccatccgtaagatgctm^ 

tggtgastactcaaccaagtcartctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgtcaatacgggataataccgcgccacatagcagaac 

tttaaaagtgctcatcattggaaaacgncttcggggcgaaaactctcaaggatcttaccgctgttgagatccagncgaigtaacccactcgtgcacLCaactg 

atcttcagcatcmtactttcaccagcgmctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaa: 

actcatactcttccttmcaatattangaagcatttatcagggttattgtctcatgagcggatacatamgaatgtatttagaaaaataaacaaataggggtt^ 

gcacamccccgaaaagtgccacctgaacgaagcatctgtgcttcatmgtagaacaaaaatgcaacgcgagagcgctaatttttcaaacaaagaatctga 

gctgcattmacagaacagaaatgcaacgcgaaagcgctattttaccaacgaagaatctgtgcttcattrttgtaaaacaaaaatgcaacgcgagagcgctaa 

ttmcaaacaaagaatctgagctgcattmacagaacagaaatgcaacgcgagagcga^ 

catcccgagagcgctattmctaacaaagcatctuganacttttmctccmgtgcgctctataatgcagtctcttgauacttmgcactgtaggt^ 

gttagaagaaggctacmggtgtctatmctcttccataaaaaaagcctgactccacttcccgcgmactgattactagcgaagctgcgggtgcattt^ 

ataaaggcatccccgattatattctataccgatgtggattgcgcatactrtgtgaacagaaagtgatagcgngatgattcttcattggtcagaaaattatgaacg 

gmcttctatmgtctctatatactacgtataggaaatgtttacatmcgtattgtmcgattcactctatgaatagttcttactacaat^ 

tagagataaacataaaaaatgugaggtcgagrttagatgcaagncaaggagcgaaaggtggatgggtaggttatatagggatatagcacagagatatata 

gcaaagagatacttttgagcaatg 

tngtggaagcggtattcgcaatattttagtagctcgttacagtccggtgcgtrmggtttmgaaagtgcgtcttcagagc 
gcttttggttttcaaaagcgctctgaagncctatactttctagagaataggaacttcggaataggaacncaaagcgtttccgaaaacgagcgcttccgaaaat 
gcaacgcgagctgcgcacatacagctcactgttcacgtcgcacctatatctgcgtgttgcctgtatatatatatacatgagaagaacggcatagtgcgtgma 
gcrtaaatgcgtacttatatgcgtcmrrtatgtaggatgaaaggtagtctagtacctcctgtgatattatcccattccatgcggggtatcgtatgcttccncagca 
ctaccctTtagctgnctatatgctgccactcctcaanggattagtctcatccncaatgctatcamcctttgatattggatcatattaagaaaccattattatcatga 
cattaacctataaaaataggcgtatcacgaggcccmcgtctcgcgcgtttcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtca 
cagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggctggcnaactatgcggcatcag 
agcagattgtactgagagtgcaccatagatcaacgacattactatatatataatataggaagcantaatagacagcatcgtaatatatgtgtactttgcagnatg 
acgccagatggcagtagtggaagatanctttangaaaaatagcttgtcaccttacgtacaatcngatccggagcttttctttttttgccganaagaattaancg 
gtcgaaaaaagaaaaggagagggccaagagggagggcattggtgactattgagcacgtgagtatacgtgattaagcacacaaaggcagcttggagtatg 
tctgttattaatttcacaggtagnctggtccanggtgaaagtttgcggcttgcagagcacagaggccgcagaatgtgctctagattccgatgctgacngctg 
ggtattatatgtgtgcccaaiagaaagagaacaangacccggttattgcaaggaaaatttcaagtcttgtaaaagcatataaaaatagttcaggcactccgaa 
atacttggttggcgtgtttcgtaatcaacctaaggaggatgttttggctctggtcaatgattacggcattgatatcgrccaactgcatggagatgagtcgtggca 
agaataccaagagttcctcggmgccagnattaaaagactcgtatttccaaaagactgcaacatactactcagtgcagcttcacagaaacctcattcgtnatt 
cccngtrtgattcagaagcaggtgggacaggtgaacmtggattggaactcgatttctgactgggttggaaggcaagagagccccgaaagcnacamtat 
gnagctggtggactgacgccagVaaatgrtggtgatgcgcttaganaaatggcgttanggtgttgatgtaagcggaggtgtggagacaaatggtgtaaaa 
gactctaacaaaatagcaaarncgtcaaaaatgctaagaaataggttattactgagtagtatttatttaagtattgmgtgcacttgccgatctatgcggtgtgaa 
ataccgcacagatgcgtaaggagaaaataccgcatcaggaaattgtaaacgnaatatmgttaaaancgcgrtaaattmgttaaatcagctcartttttaacc 
aataggccgaaatcggcaaaatcccrtataaatcaaaagaatagaccgagatagggttgagtgngttccagtrtggaacaagagtccactattaaagaacgt 
ggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgtgaaccatcaccctaatcaagttttttggggtcgaggtgccgtaaag 
cactaaatcggaaccctaaagggagcccccgamagagcngacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggag 
cgggcgctagggcgctggcaagtetagcggtcacgctgcgcgtaaccaccacacccgccgcgcnaatgcgccgctacagggcgcgtcgcgccancg 
ccancaggctgcgcaac^gttgggaagggcgatcggtgcgggcctcttcgctattacgccagctggcgaaagggggatgtgctgcaaggcganaagn 
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gggtaacgcca-gggttttcccagtcacgacgttgtaaaacgacggccagtcgtccaagcmcgcgagctcgagatcccgagcmgcaaanaaagccnc 
KfcgtcLaaaaccnctcaagcaag 

LLtaacaUactataaaaaaa.aaatagggacctagacttcaggttgtcttactccncc^ 

gcgtgacataactaatucatgaatcctmgngtttccgggtgttcaatatggacttcctctmctggcaaccaaacccatacatcgggatt^ 
ceneBtctccctaacatgtaggtggcggaggggagatatacaatagaacagataccagacaagacataatgggctaaacaagacucaccaanacactg 

Sg g gr g gu« 

a aauggcgcaSaacnctt^cttttttmctmctctctcccccgttgttgtctc 

aaatuffgLaatgacagcaccaacagatgtcgttgttccagagctgatgaggggtatcttcgaacacacgaaact^ 
ctctctaatgagcaacgguucggccrtccttccagttacttgaamgaaataaaaaaagmgccgcmgctatcaagtataaatagacctgcaattaraatc 

g^agatgaa'gcJtg™ 


SaacSrgt^ 
8 aaagaW 


agtaacaaaggtcaaagacagngactgtatcgccggaattcttaatacgactcactatagggcatatggccatggaggccccggg 


TT 
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pGAD424.without-FULL-ICE-BOTH-T7 SEQUENCE ID NO. 9 

gatccgtcgacagatctccctatagtgagtcgtattactgcagagatctatgaatcgtagatactgaaaaaccccgcaagttcacttcaactgtgcatcgtgca 

ccatctcaamcmcamatacatcgtmgccttcttttatgtaactatactcctctaagmcaatcttggccatgtaacctctgatctatagaatt^ 

gaattaatgcccatctttttmggacctaaattcttcatgaaaatatattacgagggcttattcagaagcmggacttcttcgccagaggmggtcaagtct^ 

tcaaggttgtcggcttgtctaccttgccagaaatttacgaaaagatggaaaagggtcaaatcgttggtagatacgttgttgacacttctaaataagcgaatttctt 

atgatttatgattmattattaaataagnataaaaaaaataagtgtatacaaattttaaagtgactcttaggtmaaaacgaaaattcttgtt^ 

tgtaggtcaggttgctttctcaggtatagcatgaggtcgctcttangaccacacctctaccggcatgcccgaaattcccctaccctatgaacatattccattttgt 

aamcgtgtcgmctattatgaamcatttaUaagmatgtacaaatatcataaaaaaagagaatcttmaagcaaggatmcttaacttcttcg 

tcaccgacttcggtggtactgttggaaccacctaaatcaccagttctgatacctgcatccaaaacctttttaactgcatcttcaatggccttaccttcttcaggc 

gttcaatgacaatttcaacatcattgcagcagacaagatagtggcgatagggtcaaccttattctttggcaaatctggagcagaaccgtggcatggttcgtaca 

aaccaaatgcggtgttcttgtctggcaaagaggccaaggacgcagatggcaacaaacccaaggaacctgggataacggaggcttcatcggagatgatatc^ 

accaaacatgttgctggtgatutaataccamaggtgggttgggttcttaactaggatcatggcggcagaatcaatcaattgatgrtgaaccttcaatgtagga 

aattcgttcttgatggtttcctccacagtttttctccataatcttgaagaggccaaaacattagctttatccaaggaccaaataggcaatggtggctcatgttgtag 

ggccatgaaagcggccancngtgattctttgcacttctggaacggtgtattgttcactatcccaagcgacaccatcaccatcgtcttcctttctcttaccaaagt 

aaatacctcccactaattctctgacaacaacgaagtcagtacctttagcaaattgtggcttgattggagataagtctaaaagagagtcggatgcaaagttacat 

ggtcttaagttggcgucaangaagttctttacggattmagtaaaccttgttcaggtcuacactacctgtaccccattuggaccacccacagcacctaacaa 

aacggcatcaaccttcttggaggcttccagcgcctcatctggaagtgggacacctgtagcatcgatagcagcaccaccaattaaatgattttcgaaatcgaac 

ttgacattggaacgaacatcagaaatagctttaagaaccttaatggcttcggctgtgatttcttgaccaacgtggtcacctggcaaaacgacgatcttcttaggg 

gcagacattagaatggtatatccttgaaatatatatatatattgctgaaatgtaaaagguagaaaagttagaaagtaagacgattgctaaccacctattggaaa 

aaacaataggtccttaaataatattgtcaacttcaagtattgtgatgcaagcatttagtcatgaacgcttctctattctatatgaaaagccggttccggcctctcac 

cmccttmctcccaattmcagtxgaaaaaggtatatgcgtcaggcgacctctgaaattaacaaaaaatttccagtcatcgaatttgattctgtgcgatagcgc 

ccctgtgtgttctcgttatgttgaggaaaaaaataatggttgctaagagattcgaactcttgcatcttacgatacctgagtattcccacagttggggatctcgactc 

tagctagaggatcaattcgtaatcatggtcatagctgtttcctgtgtgaaattgttatccgctcacaattccacacaacatacgagccggaagcataaagtgtaa 

agcctggggtgcctaatgagtgaggtaactcacattaattgcgttgcgctcactgcccgctttccagtcgggaaacctgtcgtgccagctggattaatgaatc 

ggccaacgcgcggggagaggcggmgcgtattgggcgctcttccgcttcctcgctcactgactcgctgcgctcggtcgttcggctgcggcgagcggtatc 

agctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgta 

aaaaggccgcgttgctggcgtttttccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggact 

ataaagataccaggcgtrtccccctggaagctccctcgtgcgctctcctgttccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaagcg 

tggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctg 

cgccttatccggtaactatcgtcttgagtccaacccggtaagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgt 

aggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaa 

agagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaa 

gatcctttgatcttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatcctttt 

aaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatctgtctatt 

tcgttcatccatagttgcctgactccccgtcgtgtagataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacg 

ctcaccggctccagatttatcagcaataaaccagccagccggaagggccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgt 

tgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgctcgtcgtttggtatggcttca 

ttcagctccggttcccaacgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcagaagtaagtt 

ggccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtactcaaccaagtcat 

tctgagaatagtgtatgcggcgaccgagttgctcttgcccggcgtcaatacgggataataccgcgccacatagcagaactttaaaagtgctcatcattggaaa 

acgttcttcggggcgaaaactctcaaggatctuccgctgttgagatccagttcgatguacccactcgtgcacccaactgatcttcagcatcttttactttcacc 

agcgtttctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatatt 

attgaagcamatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatttccccgaaaagtgcc 

acctgacgtctaagaaaccattanatcatgacattaacctataaaaataggcgtatcacgaggccctttcgtctcgcgcgtttcggtgatgacggtgaaaacct 

ctgacacatgcagctcccggagacggtcacagcttgtctgtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggt 

gtcggggctggcnaactatgcggcatcagagcagattgtactgagagtgcaccataacgcatttaagcataaacacgcactatgccgttcttctcatgtatat 

atatatacaggcaacacgcagatataggtgcgacgtgaacagtgagctgtatgtgcgcagctcgcgttgcattTtcggaagcgctcgtrttcggaaacgcm 

gaagttcctanccgaagttcctattctctagctagaaagtataggaacttcagagcgcttttgaaaaccaaaagcgctctgaagacgcactttcaaaaaacca 

aaaacgcaccggactgtaacgagctactaaaatattgcgaataccgcttccacaaacattgctcaaaagtatctctttgctatatatctctgtgctatatccctata 

taacctacccatccacctttcgctccngaacngcatctaaactcgacctctacattttuatgtttatctctagtattactctttagacaaaaaaattgtagtaagaac 

tattcatagagtgaatcgaaaacaatacgaaaatgtaaacatttcctatacgtagtatatagagacaaaatagaagaaaccgttcataattttctgaccaatgaa 

gaatcatcaacgctatcactnctgncacaaagtatgcgcaatccacatcggtatagaatataatcggggatgcctttatcttgaaaaaatgcacccgcagctt 

cgctagtaatcagtaaacgcgggaagtggagtcaggctttttttatggaagagaaaatagacaccaaagtagccttcttctaaccnaacggacctacagtgc 

aaaaagnatcaagagactgcartatagagcgcacaaaggagaaaaaaagtaatctaagatgctttgttagaaaaatagcgctctcgggatgcatttttgtaga 

acaaaaaagaagtatagattcmgnggtaaaatagcgctctcgcgugcatttctgnctgtaaaaatgcagctcag3ttcmgtttgaaaaattagcgctctcg 
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cgr.gcattmgtmacaaaaatgaagcacagattcttcgttggtaaaatagcgcm^^ 
aaaragcgctctcgcgttgcattmgttctacaaaatgaagcacagatgcncgttgcttgcatgcaacttctmc 

caccaLccgcaatgacLaaaaatgatggaagacactaaaggaaaaaattaacgacaaagacagcaccaacagatgtcgttgnccaga^ 

ggggUtcttcgaaclcacgaaactnttccttccW 
Sgmgccgcmgcitcaagtauaatagac^ 
caagcutaccaagcaucaatcaactccaagcmgcaaagatggataaagc^^ 
uccgccgccaannaatcaaagtgggaatattgctgaugctcattgiccKcactitcacmcagtagcaa^ 

nctcaagcgcmcacaaccaangcctcctctaacgncatgataacttcatgaa^ 
tetcacctBBnaeacaMCcaaactgcgtaiaacgcgmggaatcactacagggatgmM 

SagSS 

agaatcgtgccaataagaagccaatacttccttagatgatgcaataaatattaaaauaaacaaaacagaaggctg 
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pGN205: SEQUENCE ID NO. 10 

ccggtggtaccgggccccccctcgaggtcgacggtatcgataagctttcgtcattgaaaagaaggauagaatggacgatgggaagaagctctcgtt 
gttccaggagatcagaaaacagcaactgttccaaatcttaaggagggagaagaatatcaattcagaatttctgctcgtaacaaggctggaactggaga 
tccttctgatccttctgatcgtgttgttgcgaagccaagaaaccttgctccaagaattcatcgtgaagatctttctgatacaactgtcaaggtcggagccac 
tctcaagttcattgttcatattgatggtgagccagcaccagatgtaacatggtcattcaatggaaaaggaatcggagagagcaaggctcaaattgaaaa 
tgagccatacatctcgagatttgctttgccaaaggcacttcgtaagcaaagtggaaaatataccatcactgcaaccaacattaatggaactgacagtgtc 
acUtcaatatcaaggtaaaaagcaagccaacgaaaccaaagggaccaatcgaggtaactgatgtcttcgaagatcgtgcaactcttgactggaaac 


atacccacttcacagtcgattcactcaacaagggagatcattacaagttccgtgtcaaggctgtcaacagcgaaggaccttctgatccartggaaactg 
aaaccgatattttggctaaaaatccatttgatcgtccagatagaccaggtcgtccagagccaactgattgggattctgatcatgttgatctcaagtgggat 
ccactagttctagaagcgctgctaagggggccctcgtcgagtcggtcacaatcacctgaaactccaaaggcagccagtgaggaacgtgaagaaga 
agaaaaagagtcatctgaacaggtttgattttctttctggtcaaaaagatgaaattattgattttcagccagatactcccaaaactagcagcgagaagtct 

gcaagtcgttcacagtcgcccagagaatcgcgggaagtgagcca^^^^ 

aagaaaataatattcgaaaattcctctgaattatcaagattgcagtattaatttcgagaaaaattgagauttcatagagctattgtaaattttcttgatttcag 

actgaaacttcggaaaatcaagagaaaatcaaagaaaaggatgacggggatgatcagcctggcacaccgaacagctatagaagccgggaaacttc 

accagctccaaaaaggtccaaggagaccaggtttgtcaaaagcttcctgcgattaattctcatttcaatttttcagagaatcagagtctcctgaaaaatcc 

ccggttcgttcaagatctcccagaaggtcttcagcacgttccccgtcacgatctcctagacggcgccgagaaagaagctcagaaagaaagcaatccg 

aagagccagcaccgctaccagagaaaaagaagaaagagccgctggatattctacgaacaagaaccggaggagcatatattccacccgccaaactt 


cgacttatgcaacaacagauagigai^gcaaagigaa^aguii^ugagaatgBw^^c,---©---© — © ° «~ ~ 

agtcaacgcgaagaatcttgncaaartgtcagagaacttcttcaagagaatgtgattcgttcaaagtgagtgagaaaatcgaaggaaaaggaaagaat 

taamaattmcaggggacttctctgccgtgacattattcaagctcaggcmctcaccaggattctctaacgtcutgcagctttggcggcagttatcaac 

tcgaaattccctcatgtcggtgaacttcttctccgtcgtctgattgtacagttcaaaagaagtttccgtagaaatgacagaggcgtcacggtgaacgtgat 

caaattcatcgcacatttgattaatcaacaagttgctcacgaagttcttgcgctggaaatcatgattctgatgcttgaagaaccaactgatgattcagttga 

agtcgccattgcgttcctgaaagagtgtggagcaaagcttctggagattgctccagcagctcttaacagtgtctacgaccgtcttcgtgcaattctcatg 

gaaactgaaagatcggaaaatgcactggatcgacgtattcagtatatgattgagactgcaatgcagattcgaaaggacaaatttgcggtaaggtagaa 

tatataaatagmttagaaaaaaataaattagaataatttaaattccta^ 

aamctcatattctcgctcggaaatctggaattcgacgagatcttctggcttctgtgcagctgcatcgctttgtgctccctttctcgcttgtcttctgtgtaca 

ccaagaaccttgttgagttcatcaactgaatctgtgactggcttgttgctcactggatgcactagacgactgattctcgagaaatcagattgagttgcgatt 

agggtgaccugaaattgggaataatacgaactmgaaaatartcaggaggattaaaaaaattattctcgacaatcctacaaatttacttattgcaccatgt 

tgctccaacattmcattaaaagtmtgaaaaaatgtagaaaatcggaaattggca^ 

aataaatgtcatmcagataaatcgagcgatmctgttgtctgacactagtt^ 

aamccatgtgtttttmcaattaaccaattatccaaatcttc^ 

atctctgatatcactgaaaattaamttaatcaaaacttgaatatcaacUaacccacttattaacmctcgatcttctgtcgttcggtacgatgacggtgaa 

gaagccaattgtagtagrtgamggttcaagtccmcggtgngtacgtcagtgtcctgcaatgcmtttagttataacttaggcctaagattcaatttaatg 

aagtgattaaamgttctctgaacctcnaagatgatctmggattagaaacatataagacaggmacctatctattaaaaaacagatcaaaatagam^ 

accaaatcggataatccatgcctacctggcatctaggaacgtgttcttagaagatttcttacgtaatcgtatgaagaaataacaatttgatcgttggccag 

caaaaatagggttttaagtgggatagtgttmattagctaaccggaaaattttatagttttttmgcaagaaaccactgaaaaccccctaa 

ttggagcagcttctggtcttmgagcaataaaattcgataaaacagaamaagtgtaaattgttcacamagmctattttatcaaatmgttgctcaaaaa 

cattcgaagctgctctaaaaaaatgcattaaaaaaggggtmcagtggttmcacattaaaaaagctaatmaactaaaaatccatcatamccaacm 

tcacaacaataaaatgctggtcaaaatgtgttcgaaaaaatgttttttttttUattmataamaaaaatagtmcmcgctgggacacataca 

gtaaattttcagttcaaatttccatttttacaaccataatcataaagctacgtctgatctctctcgcacttacctgcgcctgattcgaaagaacaaccgtagc 

caaaagaacaagaagaacaagcacgtagttgtggtagtggacgttcatcacgcaatactgaccaatggtcgtggggtctcactttccgtactattgaga 

gaggggagactgaagatggcaattgaggacagtgtcttcgacgcacgcatgcatccataagcataatccaggagggatggagagaaaaatcttgttt 

ctaagcccctccctttgtaatacatacacatatctaataccgaagaatggctaattgaatggacgtcagctgttgctgtagttgccaaggcatcatcgatg 

aaataactgaaagaaagaattaaaiaanattgcaggcgtatccggcggtcattgaagacttggacttgattgaggaggaggatcagatcatccataca 

cttaatrtggaggatgcggttgatccggaaaatgggcttagtaagtgactgaccacacgcggggggcattaatttaataaattgaattccatttcagatgt 

gttcaaactagatccagaattcgaaaagaacgaggaggtttatgaggagatccgtaaggaaatcattggaaacgccgatatttcggatgaggatggtg 

gcgacgagttggatgatgaagaagagggtagtgatgtggaagaggctccgaagaagactacagagattattgataatactgatcagaattgactgctt 

tcagaaggtattcattttgagttttgggccggcaaatctgtaagttgccggngccgaaaatttgctgaatttgccggaaaaaaaaattccggaatttattta 

aaaactttngtaaaaattaaattaaarngcaacttttcagagaagtctacctgacaatgcaatcatctttggactaccaagaagctgctcacaaattgctg 

aaaatgaagattccagacagcatgcaggtcagcgatgttgcaaagaaaaattttcgaccaaaaaaaccaaccaatcataaaatttaaaaaaaaactcc 

gtttrmctttttttTtatacgagaaaaaccaaaaaaatgtattmgccaaattctaaaatactatccccgaaamtcaatatmctcm 

cgcgatgcttgtcgangttgtgctcaacagcgtacctacgagcgattcUcggaatgctcatcgaacgtttctgccgacttcgcctcgaataccagcaa 

tactttgaaaagctctgccaggacacgtattccacgattcaccgaattgacatcacaaaactgcggaatttggctcgccttattgctcatttgctctcgacg 

gatgctattgactggaagamtggccgatatgaaaatgaccgaagaggacacaacttcnctggcagaatctatattaaatatatamaatgaacttgtg 

gaggcgatgggaatggnaaacncancgagagttactgatccgtgagtttcctagagagagttgtmcgtattcaattttccctattttcagaactttggct 

catTgctttgnggatrattcccaceaactaatccgaacagcgcacgattTtcgatcaacttcttcacaatgattggattgggtggmgacgttggaacnc 

gtgaatggctggcaaagggtctcaagaagaagaagggaatgctggatcagttgaaggccgaatcaagctcagattcatcgtcgtcttcggattcgtca 

gactcgtctgancncggattctgacgancatccgactcgtcttcagattcctcatcttcncagaatcagagccagaaccaccgaagaaaaagaagaa 
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gaagaacagtgaagagagnccaaaaagaaggaaaaagagaatattggtcgacgggatcgtggagacaagagagctgaacgtcatcgtgatcaaa 

g'gtggagaacaaggacaaggatcgtcgacgtcgccagganctgacgaaaatcgtcggccagaacgaggagatgaccgcaaggatcggagtaa 

agatcgtcgtcgtcaagactcggatgatgaggatcggaaaggtcgtgaacgtcgggaagancaggggaaagacgtcgcggagatcgggatcgac 

gtgatcgaaacaaggatcaggaggatcaccgtgaagatcgccgtgaccgaagcaaggatcgtgaggatcgacgtgatcgccgtcgtcatgactctg 

atgatgatcgtaaaactcgtcgggatagaagtgaagagcgaggaggacgtcgtcgtgaagtggaatcggatgatcgacgccgacgtcgngaatm 

caaattttaaatactgaatamgtttttmcctanatttatttanctctngtgtttTTmcttgcmctaaaaaattaattcaatccaaatctaaacatgagcggn 

tranctcmccgtctcccaattcgtanccgctcctctcatctgaacacaatgtgcaagmatnatcttctcgcmcatttcattaggacgtggggggaatt 

ggtggaagggggaaacacacaaaaggatgatggaaatgaaataaggacacacaatatgcaacaacancaattcagaaatatggaggaaggtttaa 

aagaaaacataaaaatatatagaggaggaaggaaaactagtaaaaaataagcaaagaaanaggcgaacgatgagaangtcctcgcttggcaaatg 

ceaatccgtatggagaggcacgmggcgaaggcaaatgttcggtatggagatctgtaaaaatmtaagngaaamggtgngctcttnacaaaatm 

ccgamtcgcttgaaattacggtgccaggtctcgacacgtcttccaatttncaaattcaaaagagcctttaatgggctgtagngctaatttctcgttmga 

aaatttttcttccgtttaatcgaaatttgatgtattttatttatgatmcaataaatncaaagaaactggtgaaaactcggaaaattgtgaactacagtaatcca 

atccnaaaggcgcacaccmtaaatgtccgccccaatacgatatttttttaagancgctagagcggccgccaccgcggtggagctccaancgccct 

atagtgagtcgtattacaancactggccgtcgttttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgccttgcagcacatccccc 

cncgccagctggcgtaatagcgaagaggcccgcaccgatcgccencccaacagngcgtagcctgaatggcgaatgggacgcgccctgtagcg 

gcgcattaagcgcggcgggtgtggtggnacgcgcagcgtgaccgctacacngccagcgccctagcgcccgctcctttcgctttcncccttccmct 

cgccacgttcgccggctnccccgtcaagctctaaatcgggggctcccmagggttccgantagtgcmacggcacctcgaccccaaaaaacttgat 

tagogtgatggrtcacgtagtgggccatcgccctgatagacggtmtcgccctttgacgnggagtccacgnctttaatagtggactcttgttccaaact 

gga C acaacactcaaccctatctcggtctancttttgatttataagggatmgccgamcggccUrtggttaaaaaatgagctgamaacaaaaatttaa 

cgcgaatraaacaaaatattaacgtttacaatttcaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacancaaatat 

gtatccgctcatgagacaataaccctgataaatgcttcaataatangaaaaaggaagagtatgaguttcaacatttccgtgtcgcccttattcccmmg 

cggcattttgccttcctgtttttgcKacccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggnacatcgaactgga 

tctcaacagcggtaagatccngagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgctatgtggcgcggtattatcccgtatt 

gacgccgggcaagagcaactcggtcgccgcatacactanctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcat 

gacagtaagagaattatgcagtgctgccataagcatgagtgataacactgcggccaacttacactgacaacgatcggaggaccgaaggagctaacc 

gctttttttcacaacatgggggatcatgtaactcgccttgatcgngggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgat 

gcctgtagcaatggcaacaacgrtgcgcaaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggata 

aagttgcaggaccacnctgcgctcggcccnccggctggctggtttattgctgataaatctggagccggtgagcgtgggtctcgcggtatcangcag 

cactggggccagatggtaagccctcccgtatcgtagnatctacacgacgggcagtcaggcaactatggatgaacgaaatagacagatcgctgagat 

aggtgcctcaetgattaagcattggtaactgtcagaccaagtttactcautatactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaa 

gatccttmgataatctcatgaccaaaatcccRaacgtgagmtcgttccactgagcgtcagaccccgUgaaaagatcaaaggatcttcttgagatcc 

tmttictgcgcgtaatctgctgcrtgcaaacaaaaaaaccaccgctaccagcggtggtttgmgccggatcaagagctaccaactctrtttccgaaggt 

aactggcncagcagagcgcagataccaaatactgtccnctagtgtagccgtagnaggccaccacttcaagaactctgtagcaccgcctacatacct 

cgctctgctaatcctgttaccagtggctgctgccagtggcgataagtcgtgtcnaccgggttggactcaagacgatagttaccggataaggcgcagc 

ggtcgggctgaacggggggncgtgcacacagcccagcnggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaag 

cgccacgcncccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggg 

aacgcctggtatctttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatmtgtgatgctcgtcaggggggccgagcctatggaaaaacg 

ccagcaacgcggcctmtacggttcctggccttttgctggcctmgctcacatgttcrttcctgcgttatcccctgattctgtggataaccgtattaccgcct 

rtgagtgagctgataccgctcgccgcagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgc 

ctctccccgcgcgnggccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtgagcgcaacgcaaRaatgtgagna 

cctcactcanaggcaccccaggctttacactttatgcttccggctcctatgttgtgtggaattgtgagcggataacaamcacacaggaaacagctatg 

accatganacgccaagctcggaattaaccctcactaaagggaacaaaagctgggggggatcctccaaaatcgtcttccgctctgaaaaacgaaagt 

ggaccmgacatccgaaaaaatgggcgaaaaaatgaaattgagctttttgggtcgaaaaaaatgtttttagaatgctgagaacacgttaaacacgaag 

atcatatmtmgagacccggatgctctgaaaatgtctgacatagatttaaaaaagcatatatatatttttcattttcaacgtgaaagttngtgcaacrttata 

gaatctcctattggcacangttttttantaactgaggcagtttttgaacacctttttgaaactttgaatctctttgaagtatactgtcgaaaagactgacRga 

gcgttcgaaatgccagaagaaaactatatttgaatctcgcgctaaattgagaaatgcaaccgcgctccactggacaanggaaaaaaaatttancgga 

ggcgacaacggtatmcgaaangatTOctgtgtatmctcatttntataaancttcmgatnatcgRcgtngtgagaaatttaangtancaaactttm 

atagtaagata 
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ccggtggtaccgctagccgtacgaacccgggttctagaactagtggatcccacttgagatcaacatgatcagaatcccaatcagttggctctggacga 

cctggtctatctggacgatcaaatggatttttagccaaaatatcggtttcagtttccaatggatcagaaggtccttcgctgttgacagccttgacacggaa 

cttgtaatgatctcccttgttgagtgaatcgactgtgaagtgggtatctccactacgtccacatggaacccagattccgtccttggtgttcatcttttcaattt 

catagaactcaattggctctcctccgtcatcctctggtggtttccagtcaagagttgcacgatcttcgaagacatcagttacctcgattggtccctttggttt 

cgttggcttgcttmaccttgatattgatagtgacactgtcagrtccattaatgttggttgcagtgatggtatatmccacmgcttacgaagtgcctttggca 

aagcaaatctcgagatgtatggctcattttcaatttgagccttgctctctccgattccttttccattgaatgaccatgttacatctggtgctggctcaccatca 

atatgaacaatgaacttgagagtggctccgaccttgacagttgUtcagaaagatcncacgatgaattcttggagcaaggtttcttggcttcgcaacaac 

acgatcagaaggatcagaaggatctccagttccagccttgttacgagcagaaattctgaattgatattcttctccctccttaagatttggaacagttgctgt 

tttctgatctcctggaacaacgagagcttcttcccatcgtccattcttatccttctrttcaatgacgaaagcttatcgataccgtcgacctcgagggggggc 

cctcgtcgagtcggtcacaatcacctgaaactccaaaggcagccagtgaggaacgtgaagaagaagaaaaagagtcatctgaacaggtttgattttct 

ttctggtcaaaaagatgaaattartgattttcagccagatactcccaaaactagcagcgagaagtctgcaagtcgttcacagtcgcccagagaatcgcg 

ggaagtgagccaagaggutgttmcaaaaatcaataactgatcataattmattgmggtgaatttaagaaaataatancgaaaattcctctgaattatc 

aagattgcagtattaatttcgagaaaaattgagatattcatagagctattgtaaattttcngatttcagactgaaacttcggaaaatcaagagaaaatcaaa 

gaaaaggatgacggggatgatcagcctggcacaccgaacagctatagaagccgggaaacttcaccagctccaaaaaggtccaaggagaccaggt 

ttgtcaaaagcttcctgcgattaattctcatttcaatttttcagagaatcagagtctcctgaaaaatccccggttcgttcaagatctcccagaaggtcttcag 

cacgttccccgtcacgatctcctagacggcgccgagaaagaagctcagaaagaaagcaatccgaagagccagcaccgctaccagagaaaaagaa 

gaaagagccgctggatattctacgaacaagaaccggaggagcatatattccacccgccaaacttcgacttatgcaacaacagattagtgataagcaa 

agtgaacagtatcagagaatgaartgggaaagaatgaagaaaaagattcacggattggttaacagagtcaacgcgaagaatcttgttcaaattgtcag 

agaacttcttcaagagaatgtgattcgttcaaagtgagtgagaaaatcgaaggaaaaggaaagaattaatttaatttttcaggggacttctctgccgtgac 

attattcaagctcaggcmctcaccaggattctctaacgtctatgcagctttggcggcagttatcaactcgaaattccctcatgtcggtgaacttcttctcc 

gtcgtctgattgtacagttcaaaagaagtttccgtagaaatgacagaggcgtcacggtgaacgtgatcaaattcatcgcacatttgattaatcaacaagu 

gctcacgaagttcttgcgctggaaatcatgattctgatgcttgaagaaccaactgatgattcagttgaagtcgccattgcgttcctgaaagagtgtggag 

caaagcttctggagattgctccagcagctcttaacagtgtctacgaccgtcttcgtgcaattctcatggaaactgaaagatcggaaaatgcactggatcg 

acgtattcagtatatgattgagactgcaatgcagattcgaaaggacaaatttgcggtaaggtagaautataaatagtttattagaaaaaaataaattaga 

ataatttaaattcctacugccaatcaggcgaccttmgcgcatagttctattattgaaaaarttggagaatttctcatattctcgctcggaaatctggaattc 

gacgagatcttctggcttctgtgcagctgcatcgctttgtgctccctttctcgcttgtcttctgtgtacaccaagaaccttgttgagttcatcaactgaatctgt 

gactggcttgttgctcactggatgcactagacgactgattctcgagaaatcagattgagttgcgattagggtgacctagaaattgggaataatacgaact 

mgaaaatattcaggaggattaaaaaaattattctcgacaatcctacaaatttacttattgcaccatgttgctccaacattrttcattaaaagttaatgaaaaa 

atgtagaaaatcggaaattggcaattttcagaccatttttaagcattttcaaaaaaaaangcagctgaaataaatgtcattttcagataaatcgagcgatttt 

ctgttgtctgacactagttmgttttaaaaaatgttggaagaacatggtgcaauggtaamcatagaamccatgtgttuuucaattaaccaattat^ 

aaatcttccaaactcacatmgcggagctgggctatcaagaatctgctgcagttrtataagacgagcatctctgatatcactgaaaattaatttttaatcaa 

aacttgaatatcaactaaacccacttanaactttctcgatcttctgtcgttcggtacgatgacggtgaagaagccaattgtagtagttgatttggttcaagtc 

ctttcggtgttgtacgtcagtgtcctgcaatgctatttagttataacttaggcctaagattcaatttaatgaagtgattaaatttgttctctgaacctcttaagat 

gatcttttggattagaaacatataagacaggtttacctatctattaaaaaacagatcaaaatagatacgaccaaatcggataatccatgcctacctggcat 

ctaggaacgtgttcttagaagatttcttacgtaatcgtatgaagaaataacaatttgatcgttggccagcaaaaatagggttttaagtgggatagtgtttttat 

tagctaaccggaaaatttutagttttttmgcaagaaaccactgaaaaccccctaattgtatacattrmggagcagcnctggtcttmga 

tcgataaaacagaatttaagtguaartgncacatttagtttctattttatcaaattttgngctcaaaaacancgaagctgctctaaaaaaatgcattaaaaa 

aggggtmcagtggttmcacattaaaaaagctaattttaactaaaaatccatcaumccaactttgtcacaacaataaaatgctggtcaaaatgtgttcg 

aaaaaatgtttttttttnaattmataartuaaaatagtmcmcgctgggacacatacattmgggcgtaaatmcagttcaaam 

aatcataaagcucgtctgatctctctcgcacttacctgcgcctgattcgaaagaacaaccgtagccaaaagaacaagaagaacaagcacgtagttgt 

ggtagtggacgttcatcacgcaatactgaccaatggtcgtggggtctcactttccgtactattgagagaggggagactgaagatggcaattgaggaca 

gtgtcttcgacgcacgcatgcatccataagcataatccaggagggatggagagaaaaatcttgtttctaagcccctccctttgtaatacatacacatatct 

aataccgaagaatggctaattgaatggacgtcagctgttgctgtagttgccaaggcatcatcgatgaaataactgaaagaaagaattaaataattattgc 

aggcgtatccggcggtcangaagacttggacttgattgaggaggaggatcagatcatccatacacnaatttggaggatgcggttgatccggaaaatg 

ggcttagtaagtgactgaccacacgcggggggcattaatttaataaattgaattccatttcagatgtgttcaaactagatccagaattcgaaaagaacga 

ggaggtnatgaggagatccgtaaggaaatcattggaaacgccgatatttcggatgaggatggtggcgacgagnggatgatgaagaagagggtagt 

gatgtggaagaggctccgaagaagactacagagattattgataatactgatcagaattgactgctttcagaaggtattcarmgagttttgggccggcaa 

atctgtaagngccggttgccgaaaarrtgctgaatttgccggaaaaaaaaanccggaatttatttaaaaactttttgtaaaaattaaattaaatttgcaactT 

ttcagagaagtctacctgacaatgcaatcatctttggactaccaagaagctgctcacaaattgctgaaaatgaagattccagacagcatgcaggtcagc 

gatgttgcaaagaaaaattncgaccaaaaaaaccaaccaatcataaaatTtaaaaaaaaactccgtttTtttcLtLltlULatacgagaaaaaccaaaaaa 

atgtatttttgccaaattctaaaatactatccccgaaattttcaatattrtctctttcagaacgaactctgcgcgatgcngtcgattgttgtgctcaacagcgta 

cctacgagcgattctacggaatgctcatcgaacgtttctgccgacttcgcctcgaataccagcaatactttgaaaagctctgccaggacacgtattccac 

gattcaccgaaagacatcacaaaactgcggaamggctcgccnattgctcatttgctctcgacggatgctattgactggaagattttggccgatatgaa 

aatgaccgaagaggacacaacncnctggcagaatctatattaaatatatatttaatgaacngtggaggcgatgggaatggttaaacttcattcgagag 

nactgatccgtgagmcctagagagagttgtmcgtattcaattnccctatmcagaacmggctcangctttgttggattattcccacgaactaatccg 

aacagcgcacgatrncgatcaacncncacaatgattggangggtggtrtgacgttggaacttcgtgaarggctggcaaagggtctcaagaagaaga 

agggaatgciggatcagngaaggccgaatcaagctcagattcatcgtcgtcttcggancgtcagacrcgtctgattcttcgganctgacgattcatcc 

gactcgtcrtcagancctcatcrrcncasaarcagagccagaaccaccgaagaaaaagaagaagaagaacagtgaagagagttccaaaaagaag 


WO 00/01846 


- 58 - 


PCT/EP99/04718 


gaaaaagagaatattggtcgacgggatcgtggagacaagagagctgaacgtcatcgtgatcaaagtgtggagaacaaggacaaggatcgtcgacg 
tcgccaggattctgacgaaaatcgicggccagaacgaggagatgaccgcaaggatcggagtaaagatcgtcgtcgtcaagactcggatgatgagg 
atcegaaaggtcgtgaacgtcgggaagattcaggggaaagacgtcgcggagatcgggatcgacgtgatcgaaacaaggatcaggaggatcaccg 
teaagatcgccgtgaccgaagcaaggatcgtgaggatcgacgtgatcgccgtcgtcatgactctgatgatgatcgtaaaactcgtcgggatagaagt >. 

gaagagcgaggaggacgtcgtcgtgaagtggaatcggatgatcgacgccgacgtcgRgaam^ 
amattuttctcmgtgunrmcngcmctaaaaaanaattcaatccaaatctaaacatgagcggtttttmctcm 

cctctcatctgaacacaatgtgcaagtttamatcnctcgctttcatttcatuggacgtggggggaattggtggaagggggaaacacacaaaaggatg 

aiggaaatgaaataaggacacacaatatgcaacaacattcaattcagaaatatggaggaaggtttaaaagaaaacataaaaaUtatagaggaggaa 

ggaaaactagtaaaaaataagcaaagaaattaggcgaacgatgagaangtcctcgcnggcaaatgcgaatccgtatggagaggcacgmggcga 

aggcaaatgncggutggagatctgtaaaaattTrtaagngaaamggtgrtgctctmacaaaatmccgatmcgcttgaaattacg 

cgacacgtcnccaatTracaaancaaaagagccmaatgggctgtagngctaamctcgttmgaaaattmcttccgtmatcgaaatttgatgtam 

tatttatgatmcaauaamcaaagaaactggtgaaaactcggaaaangtgaactacagtaatccaatccttaaaggcgcacaccttttaaatgtccgc 

cccaatacgatattttmaagancgctagagcggccgccaccgcggtggagctccaartcgccctatagtgagtcguttacaattcactggccgtcg^ 

tttacaacgtcgtgactgggaaaaccctggcgttacccaacttaatcgccttgcagcacatccccccncgccagctggcgtaatagcgaagaggccc 

gcaccgatcgcccncccaacagngcgtagcctgaatggcgaatgggacgcgccctgtagcggcgcanaagcgcggcgggtgtggtggttacgc 

gcagcgtgaccgctacacngccagcgccctagcgcccgctcctttcgctttcttccctrcctactcgccacgttcgccggctttccccgtcaagctcta 

aatcgggggctcccmaeggnccgamagtgcmacggcacctcgaccccaaaaaacngattagggtgatggttcacgtagtgggccatcgccct 

gaiagacggtttttcgcccmgacgnggagtccacgttcmaatagtggactcttgttccaaactggaacaacactcaaccctatctcggtctanctttt 

gatr^taagggatmgccgamcggcctanggttaaaaaatgagctgaraaacaaaaamaacgcgaattttaacaaaatattaacgtttacaatttca 

ggtggcacttttcggggaaatgtgcgcggaacccctamgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgc 

ncaauatattgaaaaaggaagagtatgagtattcaacamccgtgtcgcccttanccctttmgcggcatmgccttcctgttmgctcacccagaaac 

gctggtgaaagtaaaagatgccgaagatcagttgggtgcacgagtgggnacatcgaactggatctcaacagcggtaagatccugagagttttcgcc 

ccgaagaacgttttccaatgatgagcactmaaagttctgctatgtggcgcggtanatcccgtattgacgccgggcaagagcaactcggtcgccgcat 

acactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgccataag 

catgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggagctaaccgctttttttcacaacatgggggatcatgtaactcg 

ccngatcgngggaaccggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaact 

attaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgctcggcccttcc 

ggctggctggtttattgctgaiaaatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggccagatggtaagccctcccgtatcgt 

agttatctacacgacgggcagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcartggtaactgtcag 

accaagmactcatatatactttagattgamaaaacttcattmaattUaaaggatctaggtgaagatccttmgataatctcatgaccaaaatccct^ 

cgtgagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcgtaatctgctgcttgcaaacaaaa 

aaaccaccgctaccagcggtggtrtgmgccggatcaagagctaccaactcttmccgaaggtaactggcttcagcagagcgcagataccaaatact 

gtccttctagtgtagccgtagmggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgccag 

tggcgataagtcgtgtcttaccgggnggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggggttcgtgcacacagcc 

cagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccacgcttcccgaagggagaaaggcggacagg 

tatccggtaagcggcagggtcggaacaggagagcgcacgagggagcnccaggggggaacgcctggtatctttatagtcctgtcgggtttcgccac 

ctctgacngagcgtcgatTKtgtgatgctcgtcaggggggccgagcctatggaaaaacgccagcaacgcggcctttttacggncctggccttttgct 

ggcctmgctcacatgrtctttcctgcgttatcccctgattctgtggataaccgtanaccgcctttgagtgagctgataccgctcgccgcagccgaacga 

ccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgancattaatgcagctg 

gcacgacaggmcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttacctcactcattaggcaccccaggctttacactnatgct 

tccggctcctatgttgtgtggaangtgagcggataacaatucacacaggaaacagctatgaccatgattacgccaagctcggaanaaccctcactaa 

agggaacaaaagctgggggggatcctccaaaatcgtcttccgctctgaaaaacgaaagtggacctttgacatccgaaaaaatgggcgaaaaaatga 

aattgagcttmgggtcgaaaaaaatgtrmagaatgctgagaacacgttaaacacgaag 

acatagaraaaaaaagcafatatatattmcatmcaacgtgaaagtmgtgcaacmatagaatctcctattggcacattgtttmamaactgaggc 
tmtgaacacctttngaaactngaatctctttgaagtatactgtcgaaaagactgacngagcgtrcgaaatgccagaagaaaactatatttgaatctcgc 
gctaaangagaaatgcaaccgcgctccactggacaanggaaaaaaaamancggaggcgacaacggtattttcgaaattgatmctgtgtatrnct 
carumataaancuctTtgamatcgncgmgtgagaaatnaattgtancaaacrtttttatagtaagata 
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Claims 

1. A method of identifying DNA responsible for 
conferring a particular phenotype in a cell which 

5 method comprises 

a) constructing a cDNA or genomic library of 
the DNA of said cell in a suitable vector in an 
orientation relative to a promoter (s) capable of 
initiating transcription of said cDNA or DNA to double 

10 stranded (ds) RNA upon binding of an appropriate 
transcription factor to said promoter (s) , 

b) introducing said library into one or more of 
said cells comprising said transcription factor, and 

c) identifying and isolating a particular 
15 phenotype of said cell comprising said library and 

identifying the DNA or cDNA fragment from said library 
responsible for conferring said phenotype. 

2. A method according to claim 1 wherein said 
20 library is organised into hierarchical pools prior to 

step b) . 

3. A method of assigning function to a known 
DNA sequence which method comprises 

25 a) identifying a homologue(s) of said DNA 

sequence in a cell, 

b) isolating the relevant DNA homologue(s) or a 
fragment thereof from said cell, 

c) cloning said homologue or fragment thereof 
30 into an appropriate vector in an orientation relative 

to a suitable promoter (s) capable of initiating 
transcription of dsRNA from said DNA homologue or 
fragment upon binding of an appropriate transcription 
factor to ssid promoter ( s ) , 
35 d) introducinq said vector into said ceil from 
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step a) comprising said transcription factor, and 

e) identifying the phenotype of said cell 
compared to wild type. 

4 . A method according to any of claims 1 to 3 
wherein said DNA library, homologue or fragment is 
cloned in a sense and an antisense direction relative 
to said promoter. 

5. A method according to any of claims 1 to 3 
wherein said DNA library, homologue or fragment is 
cloned between two promoters capable of producing 
dsRNA from said DNA library, homologue or fragment 
upon binding of said transcription factor to said 

15 promoters. 

6. A method according to any of claims 1 to 5 
wherein said cell is adapted to express said 
transcription factor . 

20 

7. A method according to any of claims 1 to 6 
wherein said DNA library, homologue or fragment is 
constructed in a suitable vector which comprises a 
sequence of nucleotides encoding said transcription 

25 factcr operably linked to a suitable promoter. 

8. A method according to any of claims 1 to 6 
wherein said transcription factor is encoded by a 
further vector independent of the vector including 

3C said DNA library, DNA homologue or fragment and whic: 
sequence encoding said transcription factcr is 
coerablv linked to a suitable promoter. 
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T3 or SPG polymerase. 

10. A method according to claim 7 or 8 wherein 
said suitable promoter comprises any of let 858, 
SERCA , UL6, myo-2 or myo-3. 

11. A method according to any of claims 7 to 10, 
wherein said suitable vector or said further vector 
comprises a selectable marker. 


12. A method according to claim 11 wherein said 
selectable marker comprises a nucleotide sequence 
capable of inhibiting or preventing expression of a 
gene in said cell and which gene is responsible for 

15 conferring a known phenotype . 

13 . A method according to claim 12 wherein said 
nucleotide sequence comprises a sequence which is a 
part of or identical to said gene conferring said 

20 phenotype, and which nucleotide sequence is itself 

oriented relative to a suitable promoter (s) capable of 
initiating transcription of double stranded RNA upon 
binding of an appropriate transcription factor to said 
promoters . 

25 

14 . A method according to claim 12 wherein said 
nucleotide sequence is a part of or identical to said 
gene sequence conferring said phenotype, and which 
nucleotide sequence is such as to permit integration 

30 of said suitable or further vector by homologous 

recombination in the genome of said ceil and following 
said integration said nucleotide sequence is capable 
of inhibiting expression of said gene sequence 
conferrinq said ohenotvoe . 
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15. A method according to claim. 14 wnerem saic 
nucleotide sequence comprises stop ccdons sufficient 
to prevent translation of said nucleotide sequence 
following its integration into said genone . 

5 

16. A method according to any preceding claim 
wherein said cell is a microorganism suitable for 
feeding to, transforming or infecting an organism. 

10 17. A method according to any of claims 1 to 14 

wherein said cell is contained in an organism or an 
embryo thereof . 

18. A method according to any of claims 1 to 17 
15 wherein said promoters are T7 promoters. 

19. A method according to any of claims 12 to 16 
wherein said known gene sequence comprises a sup-35 
gene or a fragment thereof which is selectable by 

20 identifying offspring growing at a temperature above 
25°C following introduction of said vector in the 
genome of a pha-1 et!23ts mutant C. elegans worm. 

20. A method according to any of claims 1 to 19 
25 wherein said cell or organism is contacted with a 

specified compound for screening for a desired 
phenotype , such as resistance or sensitivity to said 
compound when compared to the wild type cell or 
organism . 

21. A method acccrding tc any preceding claim 
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III and preferably an RNAase negative strain. 

23. A method according to any of claims 17 
wherein said organism is selected from the class 

5 nematoda. 

24. A method according to claim 23 wherein said 
organism is Caenorhabditis elegans. 

10 25. A method of generating a transgenic non- 

human organism comprising an exogenous transcription 
factor and a transgene comprising a promoter operably 
linked to DNA fragment which is expressed upon binding 
of said transcription factor thereto, the method 

15 comprising 

a) providing a first transgenic organism 
comprising a first construct incorporating DNA 
encoding an exogenous transcription factor and a 
second transgenic organism comprising a second 

20 construct including at least one promoter operably 
linked to a desired DNA sequence which is expressed 
upon binding of the transcription factor of said first 
transgenic organism thereto, 

b) crossing said first and second transgenic 
25 organisms and selecting offspring expressing said 

desired DNA sequence. 

26. A method according to claim 25 wherein said 
first and second transgenic organisms are generated by 

30 transforming said first and second constructs into 
respective microorganisms for subsequent feeding to 
the respective organism. 

27. A method according co claim 25 or 25 wherein 
2 5 said second construct comprises said desired DNA 


WO 00 01846 


- 64 - 


PCIYEP99/04718 


10 


20 


25 


sequence in an crientaticn relative to saia pror.o.er 
so as to be capable of initiating transcription of 
said DNA to dsRNA upon binding of said transcription 
factor thereto . 

28. A method according to claim 27 wherein said 
second construct comprises two promoters flanking said 
desired DNA sequence which promoters can initiate 
transcription of said DNA sequence to dsRNA upon 
binding of said transcription factor to said 
promoters . 


29. A method according to claim 27 wherein said 
DNA sequence is provided in a sense and an antisense 
15 orientation relative to said promoter so as to produce 
dsRNA upon binding of the transcription factor to the 
promoter . 


30. A method according to any of claims 25 to 29 
wherein said second transgenic organism further 
comprises a reporter gene cperably linked to a 
promoter which is capable of initiating transcription 
of said reporter upon binding of said transcription 
factor thereto. 

31. A method according to any of claims 25 to 30 
wherein said transcription factor comprises a 
polymerase . 

32. A method according to claim 31 wherein said 
col vme rase c omp rises a ny o - . / , i - - - - h- ~ - • 
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34. A method according to claim 30 wherein said 
reporter gene comprises any of those sequence encoding 
Luciferase, Green Fluorescent protein, (3 galactosidase 
or (3-lactamase . 

5 

35. A method according to any of claims 25 to 30 
wherein said organism is of the species nematoda. 

36. A method according to claim 35 wherein said 
10 nematoda species is C. elegans . 

37. A transgenic non-human multicellular 
organism obtainable according to the methods of any 
one of claims 25 to 34. 

15 

38. A method of validating clones identified in 
yeast two hybrid vector experiments which method 
comprises 

a) providing a construct including the DNA 
20 encoding the protein identified in the two hybrid 

vector experiment, which construct is such that said 
DNA is orientated relative to a promoter (s) that is 
capable of initiating transcription of said DNA to 
double stranded RNA upon binding of an appropriate 
25 transcription factor to said promoter (s) , 

b) transforming a cell comprising said 
transcription factor with said construct, and 

c) identifying a phenotypic change in said cell 
or organism when compared to a wild type. 


3C 


39. A method according to claim 3 8 wherein said 
DNA sequence is provided between two 
promoters capable of initiating 
transcript ion cf the DNA sequence to as RNA 
uccn binding of the transcription factor to 
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said promoters. 

40. A method according to claim 36 wherein said 
DNA is provided in a sense and an antisense 
orientation relative to said promoter such that 
binding of the transcription factor to said promoter 
initiates transcription of dsRNA from said DNA . 

41. A method according to any of claims 38 to 40 
wherein said transcription factor is inducible in said 
cell . 

42. A method according to any of claims 3 8 to 4 1 
wherein said promoter is a phage polymerase promoter 
and said transcription factor is a RNA polymerase. 

43. A method according to claim 42 wherein said 
polymerase is any of T7 RNA polymerase, T3 RNA 
polymerase or S?6 RNA polymerase. 


£ £ 


A method according to claim 43 wherein said 
oromoters comprise any of T7 , T3 or S?6 promoter 


45. A method according to any of claims 38 to 44 
wherein said construct is such that it may be used in 
yeast two hybrid experiments. 


46. A method according to any of claims 3! 
wherein said cell is an E . coll cell. 


£ 


A method according 


co anv cf claims 3 8 tc 
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organism is of the species nematoda and preferably C. 
elegans . 

49. Plasmid pGNl as illustrated in Figure 1. 

5 

50. Plasmid pGNlOO as illustrated in Figure 2. 

51. The yeast two hybrid vector plasmid 
illustrated in any of Figures 4, 15 or 16(Seq ID Nos 8 

10 and 9) . 

52. A plasmid as illustrated in Figure 7. 

53. A plasmid as illustrated in Figure 8. 

15 

54. A method of alleviating infestation of plant 
pests, which method comprises 

a) identifying a DNA sequence from said pest 
which is critical for its survival, growth, 

20 proliferation, 

b) cloning said sequence from step a) or a 
fragment thereof in a suitable vector in an 
orientation relative to promoter (s) such that said 
promoter (s) is capable of initiating transcription of 

2 5 said DNA sequence to RNA or dsRNA upon binding of an 
appropriate transcription factor to said promoter (s), 
and 

c) introducing said vector into the plant. 

30 55. A method according to claim 54 wherein said 

DNA sequence is provided between two promoters such 
that binding of the transcription factor to the 
promoters results in transcription of the DNA to 
d s RNA . 
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56. A method according to claim 54 wherein said 
DNA sequence is provided in a sense and an ant i sense 
orientation relative to said promoter such that 
binding of the transcription factor to the promoter 

5 results in transcription of the DNA to dsRNA. 

57. A method according to claim 54 wherein said 
oest is a nematode worm. 

10 58. A method according to claim 57 wherein said 

nematode comprises any of Tylenchulus ssp. Radopholus 
ssp., Rhadinaphelenchus ssp., Heterodera ssp., 
Rotylenchulus ssp., Pratylenchus ssp., Belonoiaimus 
ssp'., Cani anus ssp., Meloidogyne ssp., Globodera ssp., 

15 Nacobbus ssp., Ditylenchus ssp., Aphelenchoides ssp., 
Hirschmenniella ssp., Anguina ssp., Hoplolaimus ssp., 
Heliotylenchus ssp., Criconemellassp . , Xiphinemassp . , 
Longidorus ssp., Trichodorus ssp., Paratrichodorus 
ssp., Aphelenchs ssp. 

20 

59. A method according to claim 55 wherein said 
DNA sequence or fragment thereof is cloned between two 
tissue, preferably root specific promoters. 

25 60. An expression vector for use in a method 

according to any proceeding claim comprising a 
promoter or promoters oriented relative to a DNA 
sequence such that they are capable of initiating 
transcription of said DNA sequence to double stranded 

3 0 RNA upon binding of an appropriate transcription 
factor to said promoter cr promoters . 


■.n excressio: 


vector according to ciair 
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62. An expression vector according to claim 60 
comprising said DNA sequence in a sense and an 
antisense orientation relative to said promoter. 

5 63. An expression vector according to any of 

claims 60 to 62 which further comprises a nucleotide 
sequence encoding a selectable marker. 

64. An expression vector according to claim 63 
10 wherein said nucleotide sequence encoding said 

selectable marker is orientated relative to the 
promoter (s) such that transcription of the nucleotide 
sequence to double stranded RNA occurs upon binding of 
an appropriate transcription factor to said 
15 promoter (s) . 

65. An expression vector according to claim 64 
wherein said nucleotide sequence encoding the 
selectable marker is provided between the identical 

20 promoters capable of initiating transcription of the 
nucleotide sequence to dsRNA upon binding of the 
transcription factor to the promoters. 

66. An expression vector according to claim 64 

2 5 wherein said nucleotide sequence encoding the 

selectable marker is provided in a sense and an 
antisense orientation relative to the promoter such 
that transcription of the nucleotide sequence to dsRNA 
upon binding of the transcription factor to said 

3 0 promoter occurs. 

67. An expression vector according to claim 63 
or 64 wherein said selectable marker comprises a 
nucleotide sequence encoding sup- 3 5 , for introduction 

2 5 into C. elegans having a pha-1 rrutacion. 
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63. An expression vector for expressing an 
approorxate transcription factor for use in a method 
according to any of claims 1 to 43 and 54 to 59 which 
vector comorises a sequence of nucleotides encoding 
said transcription factor operably linked to suitable 
expression control sequences. 

69. An expression vector according to claim 68 
wherein said expression control sequences include 

10 promoters which are inducible, constitutive, general 

or tissue specific promoters, or combinations thereof. 

70. An expression vector according to any of 
claims 68 to 69 wherein said transcription factor 

15 comprises a phage polymerase, and preferably T7 RNA 
polymerase . 

71. An organism or cell transformed or 
transfected with a piasmid according to any of claims 

20 4 9 to 53 or an expression vector according to any of 
claims 60 to 70. 

72. An organism according to claim 71, which is 
of the species nematoda and preferentially C. elegans . 

73. A method of introducing dsRNA or DNA capable 
of producing dsRNA into an organism which method 
comprises feeding said organism with a suitable 
microorganism comprising an expression vector 

30 according to any of claims 60 to 67 or feeding said 

organism directly with an expression vector according 
zz an-.' of claims 60 to 67. 
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said transcription factor. 


75. A method according to claim 74 wherein 
either said microorganism or said organism comprises 

5 an expressing vector according to any of claims 66 to 
69 . 

76. A method according to any of claims 73 to 75 
wherein said organism is C. elegans and said 

10 microorganism is E . coli . 

77. A method according to claim 76 wherein said 
E . coli strain is an RNAasel I I negative strain. 

15 78. A method according to any of claims 73 to 75 

wherein said organism is a C. elegans nuc-1 mutant. 

79. A selection system for identifying 
transformation of a cell or organism with a vector 

2 0 according to claims 60 to 63 which system comprises a 
vector according to claims 60 to 63 and said 
selectable marker comprises a nucleotide sequence 
capable of inhibiting or preventing expression of a 
gene in said cell or organism which gene is 

25 responsible for conferring a known phenotype . 

80. A selection system according to claim 79 
wherein said nucleotide sequence comprises a sequence 
which is a part of or identical to said gene 

30 conferring said known phenotype, and which nucleotide 
sequence is itself located between two identical 
promoters capable of initiating transcription of 
double stranded RNA upon binding of an appropriate 
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81. A selection system according to claim 79 
wherein said nucleotide sequence is a part of or 
identical to said gene sequence which confers a known 
phenotype on said cell or organism, and which 
nucleotide sequence permits integration of said vector 
by homologous recombination in the chromosome of said 
cell or organism and following said integration said 
sequence inhibits expression of said gene sequence 
conferring said known phenotype. 

82. A selection system according to claim 81 
wherein said nucleotide sequence comprises stop codons 
sufficient to prevent translation of said nucleotide 
sequence following integration into said genome. 

83. A selection system according to claim 79 
wherein said known gene sequence comprises a sup- 3 5 
gene or a fragment thereof which is selectable by 
identifying offspring growing at a temperature above 
25 C C following introduction of said vector in a pha-1 
etl23ts mutant C. elegans worm. 

84. A method according to claim 74 wherein said 
transcription factor is T7 RNA polymerase. 

85. A method of assigning function to a DNA 
sequence of a multicellular organism which method 
comprises : 

a) providing: 

(i) a first construct comprising said DNA 
sequence cloned in a sense direction under the 
regulation of a suitable promoter 

• - ■ a second construct comprising said DICA 
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in a multicellular organism which is adapted 
to initiate transcription of said DNA fragment from 
said promoter, 

b) identifying the phenotype of said 
5 multicellular organism compared to wild type. 

86. A method of assigning function to a DNA 
sequence of a multicellular organism which method 
comprises : 

10 a) providing 

i) a construct comprising said DNA fragment 
cloned between two promoters capable of promoting 
transcription in said multicellular organism, 
in a multicellular organism capable of 
15 initiating transcription from said promoter; 

b) identifying the phenotype of said 
multicellular organism compared to wild type. 

87. A method for expressing a gene, cDNA or 
2 0 DNA fragment in C. elegans which method comprises : 

i) providing a transgenic C. elegans 
expressing an exogenous transcription factor, 

li) cloning said gene or cDNA or DNA fragment 
into an appropriate vector cperably linked to a 
25 promoter capable of initiating transcription of said 
gene, cDNA or DNA fragment upon binding of said 
exogenous transcription factor thereto, 

iii) introducing said vector into said 
transgenic C. elegans from step i) . 


30 


83. A method according to claim 87 wherein 
said exogenous transcription factor is a phage 
polymerase . 


6 S- . A metnoc accord: 


rlaim 3b wherein 
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said phage polymerase is T3 , SP6 or T7 RXA polymerase. 

90. A method according :o any cf claims 87 to 
6 9 wherein said promoter is any of T3 , T7 or SPS 
orcmoter . 
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fiSgcaccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatcaggcgaaattgtaaacgttaatattt 
tsmaLattcgcgttaaatantgttaaatcagctcattttttaaccaataggccgaaatcggcaaaatcccttataaatcaaaagaat 
agaccgagataeggttgagtgttgttccagtttggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaa 
aLccgtctatcagggcgatggcccartacgtgaaccatcacccaaatcaag^ 

cggaaccctaaagggagcccccgaraagagcttgacggggaaagccggcgaacgtggcgagaaaggaagggaagaaag 

cgaaaggagcgggcgctaeegcgctggcaagtgtagcggtcacgctgcgcgtaaccaccacacccgccgcgcttaatgcgc 

cgctacagggcgcgtccattcgccattcaggctgcgcaactgttgggaagggcgatcggtgcgggcrtcttcgaanacgcca 

gctggcgaaagggggatgtgctgcaaggcgattaagttgggtaacgccagggttttcccagtcacgacgttgtaaaacgacgg 

ccagtgaattgtaatacgaacactatagggcgaattcgagctcggtacccggggatcctaagagtcgaaagcttctcgccctat 

agtgagtcgtattacagctteagtartctatagtgtcacctaaatagcttggcgtaatcatggtcatagctgtttcagtgtgaaattgtt 

atccgctcacaattccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaaacacatt 

aattgcgttgcgctcactgcccgcmccagtcgggaaacctgtcgtgccagctgcanaatgaatcggccaacgcgcggggag 

aggcggtttgcgtattgagcgctcnccgcttcctcgctcactgartcgctgcgctcggtcgttcggctgcggcgagcggtatcag 

ctcactcaaaggcggtaatacegttatccacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaa 

ggccaggaaccgtaaaaaeizccgcgttgctggcgtttttcgataggctccgcccccctgacgagcatcacaaaaatcgacgct 

caagtcagaggtggceaalcccgacaggactataaagataccaggcgmccccctggaagctccctcgtgcgactcctgttc 

cgaccctgccgcnacceaatacagtccgcctttacccttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctca 

gttcagtgtaggtcgtTcactccaaactgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgccttatccggtaacta 

tcgtcttaa<nccaacccagtaagacacgacttatcgccaaggcagcagccactggtaacagganagcagagcgaggtatgt 

aggcggtgaacagagttcneaagtggtggcctaactacggctacactagaaggacagtatttggtatctgcgactgctgaagc 

cagttaccncegaaaaaaaensgtagctcttgatccggcaaacaaaccaccgctg^agcggtggtttttttgmgcaagcagc 

aganacgcgcagaaaaaaaseatctcaagaagatccmgatcttnaacggggtctgacgacagtggaacgaaaactcacgt 

taaag^amtagtcataaganatcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaataaaagtatat 

atgagTaaacnegtctaacaOTaccaatgcttaatcagtgaggcacctatctcagcgatrtgtctatttcgttcatccatagttgcct 

gactccccatcatztaaataactacgatacgggagggcttaccatctggccccagtgctgcaatgataccgcgagacccacgct 
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cacceEctccagatnatcawaataaaccagccagccggaagggccgagcgcagaagtggtcagcaacmatccgcctcc 
aSS 

caS^ 

aS^rtSawcatgccatccgtaagatgctrartgtgartggtgagtaacaaccaagtcanctgagaataccgcgccc 

ttagaaaaataaacaaa^ 
gtcggggctggcttaactatgcggcatcagagcagattgtactga 


caS^aSaS 

; a gc:gawgg22a:ctg:sagcr.gacggtggtagc:gcggTtgaagcaa:gaaaggcnaag:w lg rt^^^ 
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ctgagaggtcaaagataagaagactggagagattcttcgcaagcgttgcgctgtgcattgggtaactcctgatggmccctgt^ 
ggcaggaatacaagaagcctattcagacgcgcttgaacctgatgttcctcggtcagnccgcttacagcctaccattaacaccaac 
aaagatagcgagattgatgcacacaaacaggagtctggtatcgctcctaactttgtacacagccaagacggtagccaccttcgta 

agactgtagtgtgggcacacgagaagtacggaatcgaatctmgcactgaltcacgart^ ^ 
gcgaacctgttcaaagcagtgcgcgaaactatggttgacacatatgagtcrtgtgatgtactggrtgamaacgaccagttcgct 

gaccagttgcacgagtctcaattggacaaaatgccagcacttccggaaaaggtaacttgaacctccgtgacatctt 

acttcgcgttcgcgtaaccatggtangatatagagctccgcatcggccgctgtcatcagatcgccatctcgcgcccgtgcactg 

acttctaagtccaattaacncaacatccctacatgct^ 

ttaamcmgtttmagcstamaagtcactt^ 

aaaaaattgtgctccctccccccattaataataanctatcccaaaatctacM^ 

taaatttttmgaaacatcatagaaaaaaccgcacacaaaataccttatcatatgttacgmcagmatgaccgcaattm 
gcacgtctgggcctttcatgacgtcaaatcalgrt 

tgaaattaatmcagctmgcttmgggggmcccctattgmgtcaagagmcgaggacggcgttm 
tattgatgagcacgatgcaagaaagatcggaagaaggtttgggtttgaggctcagtggaaggtgagtagaagttgataatttgaa 

agtggagtagtgtrtatggggttmgccttaaatgacagaataca^ 

acgggccctttcgtctcgcgcgmcggtgatgacggtgaaaacctctgacacatgcagctcccggagacggtcacagctt 

gtaagcggatgccgggagcagacaagcccgtcagggcgcgtcagcgggtgttggcgggtgtcggggctggcttaactatgc 

ggcatcagagcagattgtaagagagtgcaccatatgcggtgtgaaataccgcacagatgcgtaaggagaaaataccgcatca 

ggcggcc^aagggcctcgtgatacgcctattmataggttaatgtcatgataataatggmmagacgtcaggtggcac^mcg 

gggaaatgtgcgcggaacccctamgmattmctaaatacattcaaatatgtatccgrt 

tcaataatattgaaaaaggaagagtatgagtattcaacamccgtgtcgcc^ 

ctcacccagaaacgctggtgaaagjaaaagatgrt^ 
gcggtaagatccttgagagtmcgccccgaagaacgtmccaatgatgagcac^ 

ccgtattgacgccgggcaagagcaactcgg^cgccgcatacactattctcagaatgacttggttgagtactcaccagtcacagaa 
aagcatcttacggatggcatgacagtaagagaattatgcagtgagccataaccatgagtgataacactgcggccaacttacttct 

gacaacgatcggaggaccgaaggagctaaccgcttttttg^ 

ggagctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactattaa 

ctggcgaactacnactctagcttcccggcaacaattaatagactggatggaggcggataaagttgcaggaccacttctgcgctc 

ggcccttccggctggaggmangctgataaatctggagccggtgagcgtgggtctcgcggtatcattgcagcactggggcca 

gatggtaagccctcccgtatcgtagttatctacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgag 

ataggtgcacactganaagcaaggtaactgtcagaccaagmaacatatatacmagattgamaaaacttcatttttaatttaaa 

aggataaggtgaagatcc^gataatacatgaccaaaatcccttaacgtgagttttcgttccactgagcgtcagaccccgtag 

aaaagatcaaaggatcttcngagatccttttmttgcgcgtaatctgctg^ 

mgmgccggatcaagagcraccaactctrmccgaaggtaaaggatcagcagagcgcagataccaaatactgtccttctagt 

gtagccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccagtggctgctgc 

cagtggcgataagtcgtgtctxaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgggctgaacggggg 

gttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctacagcgtgagcattgagaaagcgccac 

gcucccgaagggagaaaggcggacaggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagcttcca 

gggggaaacgcctggtatOTatagtcagtcgggmcgccacctctgacngagcgtcgatttttgtgatgacgtcagggggg 

cggagcctatggaaaaacgccagcaacgcggccttmacggucctggcc^ 

atcccctgattctgtggataaccgtattaccgcctttgagigagctgataccgctcgccgcagccgaacgaccgagcgcagcga 
gtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcattaatgcagctgg 

cacgac~a^ncccgactg^ 
nacac^atgcttccggacgtaigTTgtgtggaattgtgag 

ccaagcttgcargcctgcag^cgaactagaggatcaagagcatugaatcagaatatggagaacggagcatgagcattttcga 
agmmagatgcactagaacaaagcgigr.ggcncctctgagcccgcmccriatatacccgcanctgcagccttacagaatgu 
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Nco I 

T7 pro mote r 


GAL4DB 
PADH1 



AMP 
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General description of theC.elegans T7 RNA polymerase 
expression vector with 4 examples 

Specific or/and genera! or/and constitutive 


or/and inducible Promoter 


E.coli plasmid 
backbone 
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dpy-7 


E.coli plasmid backbone J 


E.coli plasmid 
backbone 



small syntetic intron 
77 RNA polymerase 

Unc54 3'end 


E 



ges-1 


small syntetic intron 
77 RNA polymerase 
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E.coli plasmid 
backbone 


r. 



GATA-1 

small syntetic intron 
77 RNA polymerase 

Unc54 3'end 
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Library (cDNA, PCR) - 


T7 



E.coli plasmid backbone 


see/or W<> /"r^'"* 

J**™* ***** /s^sy, 


SUBSTITUTE SKErT (RULE 2c 



SUBSTITUTE SHEET (RULE 2B) 


WO 00/01846 


PCT/EP99/04718 


12/21 







WO 00/01846 


POYEP99/04718 


13/21 


NLS 



SUBSTITUTE SHEET (RULE 2S; 


WO 00/01846 


PCT/EP99/04718 


14/21 

/7& // 


MCSI 

//i«dni(2) 

'sph\{\2) 



WO 00/01846 


PCT/EP99/04718 


15/21 

synth. intron 



V MCS II 


WO 00/01846 


PCT7EP99/04718 


16/21 


let-858 



T7RNAPOL 


5UB3TITUTE SHEET (RULE 25; 


WO 00/01846 


PCT/EP99/04718 


17/21 


/7£ Af. 

pAS2* with Forward and Reverse T7/T3/Sp6 
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